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Bvnniknt 
«li« tli«0ft@ oo«i)rle«c of «tji oti«pt«rev Cliapt«r«f of «tot«li 
gives (m fieooimt of thm liistorlenl hB^imrmmG i>f tbe loii-esctesiige 
t«ei}iiol<%3r «nd I ts reoimt savaiie«» ena a^pltoottont* An iipt«Nlat« 
titcratiire on 1 ^ navfittooe fa tsorganto lots oxcfeoagor* ie siloo 
gtvm* litiloii potttto out soiie of mo novel ajp^tioattoiis of tliooo, 
Ch0{)tor«ft given em Boeomat of tbo ngrnttioolo* ooiq^ootttmi 
imd tofi«O3«!ii0»go lieliiivtotir of etreeniiaidv) oreenoetltoatOt a 
now o@itoQ eseliaisgor* Vartoes •®ii^l«o of tiito eoterlel imve 
%e@n pi^porod (fi iMo-f) tiy tmfylsg tbo wising votiiM»@ of ttie 
vorloue eo@i>ooeate tm<\ tho ^oflEitig %9m^it&twm»» f&o ooaplo 
0AS*l 1)3® 1»o<m e^iooted for a l l «li« otafiloo an tbo l^ala of 
I to liettar loiKo^liroge etiaraoterlatlet ao oaiapavod to tbe 
otiier aan^loa* fita ooi^oaltloii atodlas liava ravaaled tlia 
Molar ratio of tl^la aatartal to Wa Si@il for 2rt Ae anA 61 
and tlia fO t i trat ion atnaiaa Itava In^ieatatf t ta %lfnnetlonai 
1iatieirlonr« OB ttia liaslts of tfea ofcaadaal analsreia» $64 and 
Infra na atii«iaa« ttia tantatlva forwila proi>oaad to tuta 
•atar la l liaa Haettt 
[(srOgXB^Aao l^gCsiOe)] mjUjfi 
Hiatrilrattan atadlaa (Valila Yt) liava ravaalaa tba poaalMlitr 
Of aaaa li^ortant aaparatiooa aliieli tiava ^m aoDlavatf m 
airooBian<nr) araanoslltoata oolomat aoob aa tboaa of iSft(Tt)« 
( t t ) 
Al (Tf I ) t f t ( n t ) , P%(ft> ma$ Od(tX) fmrn vartooc #tti«r attttt 
ions* fli«6« stit^iee iuiv* aii«o l«d to ««rt«iii liit«r«ttt»g 
at^filioatloo* of tM« Mtertol mieh • • tlM wMiljriiie of 9mm 
r»«t sMK l^ot (Ctiapter0 XV ood V)« 
raaiettoo stai^tlttiat of ctreoiiliMiCXV) srAOQO«tltettl«* fb«M 
etisates rdvaftl ^ » i tbe mitertal tn imirtf ttttlil* In ^fartoii* 
aoftde ima atiMill«9« On tiaattng opta SOD 0 I t daaa not toaa 
I ts taik*eiioliaiiga eapaetty appfaotabtf * Gaat traatiitiitt koiiav8r« 
affaata tfio alottoi} rata ana ^ tt t fat ioa b^avloar of tlia 
fBotariel to e^me axtaat* flm natartal Is iblgbSy raatataat to 
gaoffia tadtatlona (total ^o«e 3 m tffi irada) ae far »» t ta 
loit«»«s@lianfa eof^ottr AH^ elatloii iialiavlofsr mm ooneamafl. Ho 
olgotfleant atrGOtoral otiaanoa ara titaioatoil 1 ^ tHa infra raa 
apaotva of irarloaa IrfOdlataA aaaplaa* 
eiiaptar-t? aamairlaaa ttia raaatta of ttia ^aaatltattva 
aapatatleo of ra (Tff) aa« AlCXIf) fro« vartaua oonatltaaata of 
allara aaa reaka irtalati ara vttkia tlia asparlaaatal arror raaga 
a« ahomi in fablaa I I I and ! • • flia aathad la iinlta al«f>ta ana 
railttlraa aoob laaa tlao aa aaatfiarad to ttia olaaaioal aMrtkoAi* 
Ciiaptar^ir aonnarlsaa a a t n ^ of tlia aaparation of AI(fTf) 
and Hi (IT) la 9mm aataaltf fonaatatloaa aatng 8lreoolaM(Xt) 
araanaallloata ootoMna* tfta propoaaa wattiod la a naval 
analytioal afifiroaaH tmp aneti analyaaa* Satlafaotorr raantta 
( t i t ) 
file l0st oliaiitor (OiiO!Yt«r*Vf) gtvee mi wraomit of M M 
ktiiotte a t a ^ of mum atvel«iit M t m tun* cm mtw»mtvm{Pf) 
«r8«iiiistlt<i«t«» XQ itiis t t n ^ « ii«ir «|^ro«oli % « M 4 m thm 
Hemst fliTfieic •^mflittofi* hA9 hmn nmH In i>t«oe of ttio oI4 
effoetfve ^tffiitiaii eooffloteiit t«o, for m tootopto oxenoago. 
to OB toB«oxetiattgo t^konon^oti ttio floxoo of two 6tff«iOBt 
toDto ofootos oro ooople6 ifttti OBO oaotbor on y^ tborofofOt e 
•iQgto HlffQstcm oooffielest ommot ^eortl>e Ute aotool proooss, 
Horaet-naiieiE OQiuittono oro lootly applleo^le to cooh oaaoot 
ifbtefi i i ^ Into ftoeotmt iM oxolieiiio of ioiio tiovtoi atffarent 
nOlillliioa* fho exotmnges of ttw follooliii sMtal tone ultti nit) 
mm h9m atodioat l%(Tf}, Ca(f f ) , 8r(tt}« M ( I f ) » ffti(tf), f o ( f f ) , 
OoCtfh f f i ( t f ) , iiiCTf) ana 0«Cff)• At a natal tm oooeontvattoa 
>(l«t ft| tlio parttolo dtffaatim la tiia tata <lotonttaiai ata^« 
falila vt atioMa ttia iraloo of aoiia ktaatto parawatora for 
atffaraat Matal too * ft(t) aseliaacaa* flia wntrgf aaH aatropr 
of aottiratioa ymry Itnaarly wttii tHa tanto roeit and •aHlitt iaa 
of atkaltoa aartba, v^ton to a ont^na faatnra alMamoa for mi 
tnomanlo too oxokangar* flia raaalta aro oaafnl for pro^tottng 
tlia iott-oselianfa proeaaa ooeorring on ttio onrfaoa of an inorgaaio 
aAtorial of tHo tsTpa ato^tat* 
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iHmi i t t iOB 62 
8efor«f}0«o 85 
(Quantttatlir* ««t«nila«itoa »f troo m»« • ItnifatMi In 
•0«« •ll«gr« unit • i l t e « t « rook* « f t«r • eatlon •irehanga 
••fiarattoB tm streonltmCTir) ftrnttiioiilltoata eoltMma) 8C 
Dtaouaalon 98 
CHAlPfEft.V 
(Til* 9«(Miratt<»i of altnitnlNm tm^ •»in««ftini tn •mm antaold 
anm* a«lai atreoaloaCTV) ttr«ano«tl1o«t« colunna} 94 
RaiN»rl««ateI 95 
1H»eaaatoa 99 
tafaraaaaa 99 
eMApmtun 
(tmh»mKtilimgm trtaattaa of aoae ^tvalaat «* ia la 00 
ati««nl«K(TV) araaaoatltoata aattoa aaotiaagar) 100 
BsiMiil««atal lot 
Otaattaaloa 102 
Hafataaoaa H i 
A C I C K O W L I r : O C M L N T 
T eapre»» ay »l«©«re tl ini i i t» t o f>r, lf#0,Vf r r hn«y , f o r 
t i l » i»lil# guttf^noe !»iid fctfid »ttr>«rvtstoii ' i ifi t o n r o f . Mirtif^ln OurwaM, 
CI io i r»«t t , C i tewt t t ry P«otto«j, ?,W«Coll»it» o f f i i g l i i ec r l n j f anif 
Teoht iolo^y, • l i i « r b M u s l i n r i i l T » r f t t t y , Mtgtsr l i CTOC!I»> f o r t b f 
r#s«nrch f a o l l t t t a i i . The rn^toaa!?lyt<o=>t f tor t t^w w«i»rr r»«*rfor«»«rt 
I f i tfs« H&^ul&r tmhor^toriem o f t t i« m»i>l>l»» ^tamie Ri»j»raroh Cen t re , 
Bof^«*y (fi i<!l®) f o r uh lo l i f^r. **,f!f»nlenr r«fi!*, «€«^ o f t h f ' *n« ly t lo" . l 
ChoiBletry r tv l#t<Mi i^ tH.'sfilce^. fhe felnf' helf* f>rovl«f«j^ by 
'^r. ^«,'R.'nf*t^|, «^ct0tittf it 'B * o f t l ip ^'fHHa f n n t l t i i t c * o f ''t«»-^l*'yim 
i'"»{»olo''T, ^«t»r'ii'oti (Taif ta) i « ^ rn t«» f i i l l y ?>olciiowte<1f:m1 f o r tb«» 
cn-'ilyt ls» o f rook wowfl*!* ««!»??: th© ln?'tr«iE»entf'l f ® « i H t l 0 i « o f 
the t n ^ t f t t t t o , Ttif^nkJ^ ar© «l?«o «<u«» t o th<» Counc i l o f Foi««Bt l f fc 
JiOrt f t t d t i f f t r i a l n©i5#firo! , Hmi fVi lht (Ta«H«) f o r the f i n n i t o i n l 
*3!»«t»t«iio« »ii«l t o my oollfi«»|fB«« and frten«?f f o r t t»#t r k l i i i i 
oooper t i t lon dt t r tng t h« i rhole tentirc' o f tti^* ref t«arol i , 
r i n ^ t l y , t nm l i t g b l y i j r a t e f a l t o n i l my f i ^w i l y raeM*i«rti 
f o r i t v i i i i t l i o t r whole t tnartoa oooper^t tcm »n& i r roa t o f foot i on 
w t thou t n^te l i i t would not liawe been |»o«st1>le f o r ««> t o oo«f) l« t« 
tiio work* 
( i ) 
L t 1 t 0 r » P B L I C A T I O W S 
—-" - r -m i f T - I. I l l iiiwi-Minwiiiiiii • nrini Tiri^'^n—r-mr-- T-^  rrrmrnriw-n-fgriMiirTTniinmTrfiinr 
1 , , SfNTHESIS, tail^JECIIANGi^ BI^ IMVICMm, AKB ANAI^ YTICAL Am^IOATICKS 
or A MBv, omrsTAixiras, ARC sifkUM itmmimlivi Ammmittchm 
CATION EXCHAKGEIII ANALYSIS OF SOME SILXCAUg BOORS. 
2 , IOII-EW3r{A?«». ANP SfeUlCTtVtTf BKIIAVlOmi OF THLBMAtLt fBUtTED 
AIIPY' -IRlAmATRD fHASfcS OF ?.lRG0liII7M(IV) ARSIiiMOtllOSroATE 
CATION E]iairA!i€»iris ^PARATION or A i ( f n ) mm sow MITAI, IONS 
AMD mnmAh OF CATIONS PROM WATER, 
S«i»«Sel.T«ehnol., 18(I0), 905 (19«3). 
3 , qilANTITATtVl-- OfcTEBHlllATiaN OF IfiON ANP AJJIHirnim IN S^M-
ALtOfTS AND SILICATE ROCiCS AFTfeW A CATIOI? {; JSIHAIICJ St-fABATlON 
OM ^IflCONllMdV) PHOSniO AMD SILICO AlimiNAffcS, 
J.Lln.CbnMMtoc., £ ( 8 ) , 1535 (19«3) . 
%« Vm SEFARATXQN OF ALOMINIim AKT^  9fA(lNrSIim IH SOKK ANTACI0 
fMKJOs tisurc ginooNitrndv) ntosifio mp SILICO A»sti!^TE 
OQLUftfS, 
Aiial.L«tt«» l i ( 9 ) « 689 (1983)* 
$• ADSORPTION ST17DtE8 OF ALKU^ X WTALS ON VARIOUS INORQAIJIC 
tmUMWmMim NATRRIALS OSINO RAIlXOfilAOKRfi, 
ltt«lo«|}Mi»llaaio»ii«l«L«tt«« 2S^3)* H I (1983)* 
6 , RAfllATXON STABILITY OF SOME flURNALLY STAOU INORGANIC 
lOM B]PBitAN0£R8, 
J*MAto8n«l«eiiMi, (Yn r i v M ) . 
( tt ) 
7 , A](M.TTtOAt Ai>l>I.XCAfII)ll8 OT 2r(XV) AHO Yt(IT) AfiSBMOfVOSmATEl 
AS XOIJBieRAIIttM. 
V«lmit« <Ia rrit«0)« 
• • A cmnM%o»tm KwaisAwm mmm mm vm nmntnc mrnQftm or 
tmm m ummttMiVf) Am^nmnoBfrnw BEAOB, 
Ann«t.«tt« (Tn t*r«»«). 
9 . A rASt CATtdf EXCHANGE mUUrtm Of IRQK(IX) AND I HON ( I I I ) 
ON ZiMSONItlNdV) AftSENOPflOSrtlATe COt.UNNS USING rOTASSlUlf 
THIOCTANATK AS A CfMl^iXIHG Amm, 
J,I.if}*Cliroii»tOg. (tiJ !»»•••)• 
10, tm^txcmmm icm.ttCB or powfe: MKTAI, i'oi.ufTASts AND tiir.fR 
sipARATitw OM zinofiNtmKiv) wia%i»Ho Am> STMCOARSENATB. 
CATIOK EXCHANCERS. 
Colloi<f» maHi Sttrf«««t (In ?*!«••)• 
t 1 . ION.gXCIfANI^ IQNETTOS OT ALSAUNt. EARTHS ON Zr(TV) ASSENO. 
FTLICATII CATION ElCnAMGEfii ACflVATIQN ENEiKit AS A LTNBA8 
pimcTtoN or i m IONIC MOBIUTIES AND K A ^ I . 
Aeta Clitotett (In i»r«M>« 
< l i t ) 
t. I g Y 0 F f.,^,,.?,,»', fe'.,.! 
PACE 
TAWi I 
tAMJk 11 
TAmf I I I 
TABIl- I ? 
TAKLfc V 
tAW^ Vf 
t^MM m 
TAMJI Y l f l 
A t l S f Of AVAIl,4Bt.F StWHAflON HRTfWPS A^P 
so«fe inwnfAirr tmrnM sAi.fs pBEi^ AMiP so FAB 
idK-EiBiiA?^* CAj'Avinr A?«^  l*fIT "^^ CAt Ai*i^ .AriA«icr 
ni,<r.KE«ATTIiM GXCU , ^5 
ARSEHOSIUCAW. | ^ ?*TrFi'Ift.Hf M-WIA, 44 
S 0 « SAl.TtW Pl'Aft?!&S m tm . Sl.t»inATlC^ <F 
MliiCimY(lI) r » w a t m i i M-TAL Tyi«ii tj% ^rCt?> 
s u ) s SAtT»irr n:Atft«iig o r TIE !i.i>ABAfit«« m 
MXimmmitit} vmm &m¥.n nsfAt. lyKS m ^r(TV> 
AHSillOStUCATi CiM.imKS, 9% 
S0M£ SAttiirr rEAtciK^ » ' T IC siaAaAfKB or 
IROK(n i ) FIKIN mUhB mtAt lOMS 084 ?r(TV) 
AHSKNOSTI.ICATK COLUMliS* 96 
( tV ) 
rAm 
fAMM IX 
tAMM 
TABUi XI 
fA8iJ£ XII 
TADI*!. X l t l 
TAHJI IT? 
TASyi X? 
TAMJ. tn 
» 0 « MtfLNf FEATfims OF ftlfc RTPAKATIO^ OF 
LiADdl) rRt>M mWH mtAh T O \ . W Zr(TV) 
AflSENOfi! I.ICAtt COItrMUS, 57 
SOME SALitsiif ruMvm^ or rm u,pAmttm or 
CADMituKii) wm^ mmu mtAt tms^ m iriiv) 
aoLUinti'nr or zr( iv) A«s6 '^osflTCAt^ IM VARIOUS 
ACID AMU ALiCALI SOIJJTICINS, $7 
I. i .*C, A?4P C^milAL ArW-ABANCE m /.r(TV> 
AlUmiSOSILlCATl. Am,U imAf?\'G TO VARIOUS 
TE«f«8Ati:HK», 69 
EfpiCf am isaAoutioN ON CEirrAiK HIYSICAL mt^ 
lOM^XCfiAHC^ mOPiiRflES Of Zr(tir) ASS^ftOKlLICAtl?. nj 
<jOA»fifATT¥K ssrAfiATion Of imm/Ammmim rmm 
sow. sTfimmTic ALi^ ors <m «r(iv> ARSENO* IITCAHS 
OtrAirriTArTw SSPABATIOW or vAmotis CO!«STITI3E«S 
IK 8<»K !;*s,Cf.$i, sTAHfmBO nocics m f r (w) 
AOSiNOSItlCATe COilMNS, 9O 
QWAStltATlfE SKPAgAflOU OT AiUHlMIim AH© ilAGIIESTUM 
raoM vARiofjs AiftAcic roRMn^ATiciis mnmtZEf) in 
tM0IA m Xr(IV) A!iSeitOSILfCAf« COtVf»lS« % 
( i r ) 
rAOi 
fAm#, tnt 
tAMM trtu 
TABLE I^X 
QUAWTtTATlVE ANALYSTS OT SOMK SYWIft TIC 
iftirrtraEs cw 2r(Tv) Ai^EiiosfiiCAw. aai.i.'*!SJS, 97 
m^ms (s) or T v s . t i»i.of8 r o i Tiifc: mtht 
i» . s« AND A 9* VAUM^ rm nm ».fAi, 
( vt ) 
t i s t o r r r<s i>«K$ 
FAG£ 
wtmm i 
wtmm, ii 
pft}r!«. % 
ft mm 9 
rtmtitE 10 
rtmm is 
VRE EurrtoN iiE?mviw« or fincwtuw ABSISO. 
STtTCATi, 
tn H* mm, 
x.iK^ 'r MrFe^ CT{>e»A« iw .^ijiciwfi?*! Ai^ '(\.K>^ T? rem , 
Ktnm m' fm m nm K^ yhums or AL^ CAIT WTAIS 
sKrARATKM or RffiT) rfejii miwn m-fm. TOW? W 
SEmnATfou or Ai<iit) rnow ommn mtM tmf m 
?.taC(»lTW A!»SRI«OSItfCATt COI.t!M!l9^ , 
sfemiiAfxoN or F«<Tff) rmn ofimu mtAt tmf^ m 
ttmmtim AKE»:««IOSlLTCATfi. COt,tm!«S. 
sErARAti^  or i%(it> rfioK ommu mtM. YONF m 
ttwamtmt AwmnmthtCAtt^ cotmms, 
mpAWTtm or G«CTf) rnon OWES mtht tmm m 
ttmmnmt AmmmthtCA'm cotoims. 
rinciNT mt&wnm or xoN^sjcaAiiiii c^ rAciTT or 
vAmotis arucA mmi^ im v-msnAmmm AS A mifcifioif 
or TEMPE»AT!?ai. 
37 
%i 
%7 
50 
91 
10 
( • * « > 
IPAwK 
rimm 15 EFFi^ .Cf or mmm TuaADiATT*^ - m tm tm^Emiunm 
OAPACITY or «iriC0»«Tim Ansi^oi^ittCATE. 71 
ftmm ih Errecf or Tmiimt tmAtmHt tm t m nmim 
riat7i» 15 Erfi,CT i*' oAum laaAWATfosi m TJ?t. ituTian 
ttmm t6 pn mtmttm crnvt^ rm zimmwn A^isfeHosiucAw 
imATEP AT Mrrkro^^n Tfc»i»tiiATi,*m8 vsim \%W^AC% 
AS TiTiiA^nr, 75 
rioriE 17 pH TtT8ATfy%' jruvfes roll r.incoHTtJ^ AI&*.VJMI ICATI 
irftATBP AT Pfrrt w%T II »ii'i-fiAii;rii'S %:stm M«o(i/«ifici 
Ar TtTliaMT, Tfi 
Vtmm. m JJJ! TITIIATION^ CIJIVT^ rOH ZT«COHir«< ABSi\OSIItCATfe. 
IJIAfEf? AT OTm.flI'VT TK^rESATUai'S OSING Kdl/HSCt 
AS TlTaAW, 77 
rionm 19 e r t i c t or GAWMA IHRAUIATTO?! ON |»}J TITRATIOII 
or ^ocoffiim AnsEifosTt.TOAf}^ : 0STK6 nmm/naci 
AS flTl^llf» 7 i 
rietjffc 30 Krp&CT or tatAtr»6 OM tsirsAnHD smcTaA or 
S;ittC(M«Tt;!i A}i8EN08IUCAtm« 79 
rlGtlUE 31 ftFTECT OT GAlOfA iBftAHrATlO!! OK IlfrilA«i£!> SPECTilA 
or 2IIK;0!nilll A8l^lf081tICA1«. $0 
wtmm 28 x^ vAi.m AS A mwcTtoii or THE TOTAL DOSE or 
QA9»A BAmATtOHS ABSORMi) ttT SlUCOHItm ASSlltiO. 
STLICATtjIM mw AKO ROIO^ MKI»U, 81 
( Vttt ) 
ftmm rs 
ftimm 2* 
rt<»w*K 25 
riClflfe 26 
r ic i i i» . 27 
nmm m 
riouiK m 
fhmB m ©(Y ) ITS. • roR i%®*-^ * Bmmnm A? 
mwmmm TKUPEB^ TCKS m %imomm A»«-ifo. 
mhtmm, 
?i*iirs OP 1' vs. tmm m^^-jR* AMP ng^ -^w* 
isCHAuas mtm mwmm.sf moMttm i^mQhmm^ 
flans AT 5©*c G^  isinccmicn A^^ostitCAffi, 
ptms iMPt vs. t roil % *^«it*, ca^*-8*, sr^*-ii* 
AMP »«^*,W* ilCEIW6Kg At Ptwnmm TEMIf RATl'WS 
phms CBPT ¥s» t r o t i»te^*ai*, r«^* - i f * , €o^*-w*, 
Alf» ?H^*-H* tJ«3lA!«C»S Af PtrFI'K\-T Tfr,»||f HAt l«S 
Oil ^l«C«l!lltJH A l l o w s i n GAfE, 
PILOTS GT T f S . t rO« Zn^*-! !* AHP C«^*-»* 
EXCBA^ as AT nimw i^irT fiHmaAToms on 
mmmtwi AwmwrnntCAm, 
pfcofs or s vs. t/ij rot ni^* Jini* m^* At 30*c 
m m mmtwn ikm^nrnthWAw. 
,2* „ • n e n i i i 2 f f i*ofs m . to® \ ^ « t/f wm « ! * • - » • , en 
ASmHOfiltfCAfE. 
co**-«*» i i t ' * - « " , i ^ * * - « * Am «a**-K* iJKSti^Kis 
OH SIl»:ci!ff^ A^ICHOSIUOAfE* 
tm 
f Cw 
107 
•UB 
t09 
118 
115 
lt% 
( to ) 
FAflR 
wtmm yt vARUTfcm or t^ am ^ s Mvm tmtc mmi^ 
mmhfufi tmtc mmt AKO tmtc nmtttfim or 
( S ) 
C '\ h " '^  ' •' F* i % \ 
xm^M^'^rzam UWHX 1 a i twv . ' 
ehe«tci>l t«»ehttolofy oe t<h |?tv<>«= ^^oluttoR t o ttip RW-t d i f f i o t i l t 
an--^  b«ffHnif prohte^*^ «ncb OK f ' V n t l f l o o t t o n , -••r.pprwtloii a«r» 
ffetrrmlniittcKi of tljf vnrta«sr oofsnt ltiK»r»t' of a m t t o r , ''ar*- Ir. 
tKe elie«i#t wtio '"'oi?? not r«»ly fr«»f!ii«»fstly iir»c»s imalyf lo . I Qljr»CTl'-try 
fo r tfi<* t'-oluttOQ of h i e fjrohlfra. L'IJJ»WI«C1 *-««'ly fr U- UP-T'! i?t^  -n 
i o t r i f i - i c t o o l t o gpolo©' , oe>'f>!iof?rft|^ cai' o i r ??»•"' ««ettrr 
polls'tlcws, Tlic vl.'*c ? i t t l i t y of an.ilytlc.^1 cl i .wlf tr j / tr> f!i 
sttffl0tc*ist r«»fi0on for t ren t im* 1? A-^  ' O tnt'^fir11'''tir| cmir* c •;f>1oli 
t f oo'- of ffio ffw wtxTf tt5«" •^ tw,'."•»«. Ic! rtrj' c'-^r^'fal on-' '^u^'utt t - f t v r 
Irr-vir* 'nt for ftu* 'tsT *, "'-f* nfty-ffjls^n, J!'^ "- ' .!» *, "^-
til!?:r»i ' ' I , ' n ' for tfiO* ?' In irn'r-sv oil'* r «rof-'»^ h>- . ns-ftv t'.. 
ln«f fr'.i '"- „%- . ' r!t.->lvf f.' ! '.•'iCi-'l'-?rv '^  »ir^  ' r"'-rAi •• '' ." 
r#-»v )!'••* ion fhn? f f ?- ' o*>r-. fn^o t ' v ^^ for ."fonsf of '• 'v ''?v'^ '" 
in ol'f'r»5t;jl •• ' . - T J V J ^ •**'*=>« ^''' •'"O"' <'n *'>V'n *h '-'jr^O' .••, 
of cnnl^'t'l*'* 1 c^if^sl'^trv hii' ri*o* •> ntio/fn;*!'.' In vvc <i* ••<<;••}>". 
c*?>pl1a8tton of th^ rirlneffflo'- of Pl'ty* ?.;' 'fit' r t ty fc 1 Chrnf^fry 
t o t-hv^  c^mjfjtcr-l nn?!ly*'<t-, fS-i-y oro u - n n l l y sajctv f, " t c r tb<"ni 
t?'r ?>iiroly cfu'-nlc'1 f)roce''ur»^;=, i^ n " arc' fiv^pHo'blo normrl ly r»t 
cotHi'^ritrntlon ftT too »tarll t o l^r rTtj.^ ! hX^- t o i^ctf^rwlrjot Ion 
Ijy olasfsicnl n€»t{»ot1»', f^w' f t o ' wtrlc apf i l loo t too lo In- ' t i^ try. 
De«^p!t<» tlK-' o^'vnfit0u©P po8r'e»««»c^ fyy t h e iaf^trJHK-titnl m»th08lf» 
t n mrnv ^"irpc-Umi', t h e i r i/lfV "jireai'* 0'''<wliini hos n&i r'-^n'^rt^tl 
he mj'^lif!*"'' in ihi-- ommt<iimit 
it) 'The ppviw^'nf'^ rr't't^trpi^ for clK5«?tc«»l nwi l io> i« ohtn^i BW'' 
rviuHlf cw.^it.hlr tn o i l iRfJor;-lor loss, 
(2) "iiith aoff ta^Jirs^w-fit^-l a«»*li»-''j* I t i' n«*oc*^ f an / to Cf>rry ou'' 
« CAlthr J l o o om^r ?l<m ii^^ng .' fM-mplr of m.'f«*rlrl of fenot-rj 
i'^Lvpo"! ;io!i '^ ' r'^fc^rf'rjct^, -ii-''^  -•xi^\:t tn l y t i o I ' o t r f o r 
tlilf f t n o** wi t !so .-^st till '5s, •* fry lf>« y1r!» - i c 1 oJ^wIe? 1 
(*) I f i o f i p a ^fKs»)l^r to «PO .-) --I'^ «e 1 t r " ' ^ r l-- n 
t o ;io tA *tsf^  ' 'rmi^lt' of p'-f'-^ . r l t i ' rcru'? 1K- ' n"'n'*i an?' 
t' r r^ ' l fv mjl It?*' o a l t b r a l l o i i of fm in trm^'n', 
Pfy^pvrr^ th'-rv ! •"- no futi<"'f^ow t. 1 "Iffrrf^-^sor b ' f i • ro T?^  •'.•?< "-r^''^''*-
of aiKily !s». Tor c-sm^itil*'', cv«»n r" clnr'-^IOF 1 n«^f^o 11lt<- rr* vi»"f'f*M'y 
Involvif"^ fl^a ««-c* of mi ffif^tnia.»n', «a<;h a s , b a l o a c r nn*'' ••ipie»?««'lon 
of noo-lnKtnjrfral; 1^ wffho'^ Ir ' mi^^i*'^^ hsv ot on 'In-* prlHClplr" 
Of f)liy«-to'l '..i-scwtrtry. Tfif oolv '•*! ff^-r.'tios'' br-fi; - n '!>•- ««vO r*'tho»'' 
ll^^f, thtTf for**, in thf •i«f»fjrct' of coraplc-dty of ths f«"'; r«r-» n?-
wfi<»<1« They rwi'f't fj«' re^ . r•*'•»'' ifs «Hi»w>lf«j'Of !n r ^oefs ol?tf r« 
i T t o r t o a cfifiirtorl n«o1y*?«, «0»^ r^'itlofi of ^^Iffrront 
cc»if5tfftMn»t® fo C! rtv»^n eawfulo If? of primary concern for im 
eon ly t l c f ' l cts«^®l8t» Ttic is^'tljaa i|.'n««r* H y «"«-' for s «*n."r<iittonf? 
Inolurir ( ' t tR t l l l e t ton t «»«trnotton, pr«»ciptti5tlan, urj^ '^ ? t f » lH«« t lon , 
<''!lf»ly!5l8g filff«{iton r- tc , f*® «r*» Hi5to<' tn Tnblf*-!, On* of t tsna. 
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ohrowMBtaBfrf»f»hy, tcwi-enoh.-^nno PO^' rl€»c?tro|jf»or««to are the tio«ifiT» 
iai<i wxmt vfTJ'sutl l f ' i ^ a l y t f c - l *cofml'?ucf?, /HscorHnj* t o f ' t rn t ts 
<ipplle»? .'>p o o.r>rr<j«'« f n l t i - ' l stow*"* t o o s t« t t ,> i inry t poroi^r t»orlj'-nt 
am'' tft^ f* ocr^^iMJiif^nlp «ro omKe?? to tKi'¥rRo ' i f f r r f » n t f :^1 nif|?rntton 
by ih(^ f lm^ o f thif r ioMlf* rvljo'-^t', r; H«jol*i or A f. '^r". *ff>e 
or l .^ - i t i r tor o f o!ir«»Bfit«]i^r^):»3iv, <"^'- 1? 1^ '^ nrfjctlsiesl to^'cy, u-u- --i 
PHPRICMO %0tiMit8t MietiSf^l Tfiwrf,% who i n f«w6t «?*"?»«r®t««l i^i*^ 
tif^orpfion o?ir(M»jRto!srrf>hy, Ttie pictho'* WP* o e n r l y fomot'on f o r 
f o r t t i f ^^rl.nrl^f,l®tl o f C r-ofi'ta- I n - o tJ<« Ot - ;U1J' "p- l .yin?- , im? 
f t ' ^ n , f ^ - r r ' hr^'- hemi n rn-?>lr*": Of efsr .mrforra^hy ."'ti t i n f 5 r } 
C^romftoc^i'anby it o r o f « | f o r t b f cm-nnr<'.<m o f sij»ifI'-net^**^ 
for nrovl-Hn** e!»-<»« r-' t o ih'- ?s*'?,;^'.!rc' o f ori? n i c t-ub'f n c - « , 
cwi'1 f o r thr' •*j«tnctton o f " - . t rnc t t i r - l fl!va*f<>(>; prof!iico>'' t&y tli*^ 
vorfouf ' ctiPEjfe 1 r«>AgfTsf p o r ntt«lf>rr am" felolofic 1 firoc'^- -*irw, 
C<M9t>tn<>' w i t h t lu- ocrnvr't it l imiit o h r ^ t o r l tm<' inc-lnm^ntpt am'lyilQPul 
nvtho ! , I t f.ervf'f t o i ' V n f l f y ct '-rottn' l R f^ fc l r f i , Chrosjatogrf^'-.htc 
EirtJio^*"' hrve fj n e a r l y unltfait**'^ rang** o f f t p p l l c r l i f I f t y , Tli*'*y c -n 
Ij© ose«1 t o CK'piiratc ?«!^f*llosl tu i loci i lc^ C!1^tr„) a> v r l l 'f* f f i r 
lit*!**f*pt ( o r o t i o n p , nucl f^ le mj | i i»)# t^otopost c n tic »<'v>'^T»te(l 
thy 15505* obrorantogrepfiy ccwSitup«t v f l h f^ocs cspcctrt*©* t d ' t y . On thi» 
otb*»r hiiHK', raultt|!;rnfi < |«Mi t t t lo« OAH IK* ®««pr rntc^c! oBtl t e o l a t e d by 
pr«fMir«ttir» «O1IIMEI oliroiMito«r«pl)t« »»tttod»* f)««t»tt« th« 
ffilgntftGaiit r«««iit advimiiAB tn <}t>r«NPii(mff«|pl)lo t l j^oir whtolt hm^^ 
l»r«ivffliMl flptdl* tfiforiKitleii i»%OBt t!i« »e©t»« i^iteB of »ep«r«tl<»i» »=»ad 
son* n t f ra t t^^ i , th« « e l « e t t v t t y of «f>ro«Mita«raf»f}1e wyntewm t « 
f t 111 tnoa«pl«tel'J? iiiMl®r«too<f so that tti# «mi«fitt<Mi» rmmirmA t o 
•ef«ar»t« » i^lv«n wfxtoro cn t io t u^onlly b* theorotte^' l ly i^r«ftU«-
t««l« ChroMiif-ofrp'»:*'l« ?»rocef»!««?« o^n I*© o1«5««tfie«1 mteoHiing t o 
th<» t3n»« of onull tbri i t tof i nroe«*«» Involved, wi'ldli Ifi j?ov«»ni## 
fey t^ Mj fifltttro of tt>e »tatton«?ry r^p-pp. Vftrloo** t»a?!©« of i»<iolH-
l>r«tloii nre A«!r.orpt.to«i, f^olttbtl i ty. Ton ©atcl-'aiif® PU^ fore 
ToQ-exohaiigo aferoaiat€^re|>hy uw^B'ati ts>rj*«xcb«iig© wat#r1nl 
Oft th» »t@tl wi«ry |i*t«se vfjfoh l « ^n Insoloble watert« l oarryttif 
tin* ©xotiaifo-^lile offtlmi» (oatlcm ©jMSh.-»nf,«r ^ or anicwf? {i'^nion 
«»Dhf»iiier). C«rtnfti « « t e r t 0 l « ure oopablc of both option and 
nut on owihaiif© am' nr© o^llaiS *a«rpt>ot®rtc Son ©xol38%og©r»'*, t o n -
•lAhaii^e ts » r«v(»r)^tbl« i»roe««R ««' l a fn^ioated balow In tba 
tyi»t«?il entium ^«d nntoo »jich»«ig© prooe^aoat 
® I K I • <5iiClg (an) "' ".  ..A ca ig • 2 WaCl (a«) . . ( I ) 
wtiara *ir* rapraaanta m a t rootura l imft o f the too aielinnfor and 
*a<l* tndtofttaa t b a i ^ a a lao t ro ly ta ta in tha ami(»ooa a o l a i t o n . 
Solt4 pliaaaa «^ ra inM!larllao«S« Ton«axebanga fa ragartle^ aa a 
l^liral«al firoeeaa of aaaorptton, a red la t r lbn t ton of lona fov«rn«tf 
br ^ « foreaa wblctfn ara i>orol|r e laot roata t to* Tha abaanoa of a 
&f an lon-euch'ngip proortss i * n«of?l ly r u t h ^ r «jcr»f'll (l«-«»r t h - n 
^ S^Oj-l/aolH), Tiic i»eoh«ii!-^w Of B* prTaHOR IF; t»i' ='<!' on t?ic I o n -
e»obnn/5?t ©cM»ll!br1«, fon«.f^?rch nf»r fr»tl3u<-'' f o r '-.'otiv^ •nlr«t*lfif» 00'' 
"tora-chromotogrr'pliy** 1^ oowir.jr i n t o f;cn«?rf«l me ( ' ) , Tt uses? 
Tb l# mrtlifj.'' i(^ ef^nrciF-l lv ufS'^fiil f o r at i l fmfj , an very lot- eoniJ^'O-
t r r ' t i cmis , flowsi t o p a r ' u p«r b l lUm" ) en hf wMi'^nrf*', t f i ii^ 
or tho '»iif foriR •*Ton-.fihr<Msnlo|^rn|rfiy'' '-Vn^cnf'** €« ctr ' f e f f w o f r f e 
t e c t i , prf-op'*-'''* l iy a "fisnni^rffif.or col i f f ln to rr«aovc tonr. o f 
ihr: - l u a n u f1»<!5 R«fi|»PrB!^ 50r c«lrr»!n a n bf» f l f w l n n t e r l i f B py f t Ijl.-. 
Ion»?s<plo€5ftvc* c^et»ctor <P tt«0'', Anion o'^ch'n^r '-r»'>?ir?'ftmi o f 
t r -^np- l t l ' jn f iPt;^l lon i i t n hy!'ro-*!>lor!c oe!?!, ulih i affioi-nfn tlim 
/• nwi! f-mj'f»et o f I OIK <»iE©h.'fi^ e t r t i j f t*lfV®pr^{«'' U J^© o f "'!»nlr>i»tf-lon 
obroiBettjffrfiphy'* t n wl i ic^ the « t « t t ' j n e i ^ l^aee iR a tHy^^rofAaliio 
paolfelnfi em*'' tfec o o M l e fhtve co t i t n t n t long ohfsln, !*f*''rop^c(lilo I ons 
o f 0]}po«lt@ i ^ a r g e t o tti& Ions b r i n g separated* T l i l « mottto*^ 
•fei^lope«5 f o r o rgan ic t o n s , ban no;* bo n tiBod f o r I n o r f f m l o 
»n#ele«! ltK;*> h®ltf?©ft, is«lcl© IOOIB and oxyin i l tws o f i i i t rog f> i i , ®«1f^ur 
00c! th€« l ia l ^<* i i« (3)« 
•Tbe M e t o r y o f i o n csetii^og© l « very a n d ' T i t , I t s re fe ronoo 
«f>» b« fojsit*^ t n the Holy M M e , %?til<^ et^tohlteticrft ' tones' p r t o r t t y 
mi|(g<?eted f t t t r a t l o n o f «e& v e t e r tbrougt i a Ofisriatfi tgrp« o f o o t l » 
whic!! fTssofi^e* tMsrt o f t t s 9r>lt o o a t e n t . A f t e r t^s«t, oo l y «5cerce 
referiMBWiPF «r«» found na i f I I aro im^ 1850, itior^pfsofj (5 ) IM»«^  ^'fly ( 6 , 7 ) 
c?teoov«ir«*«1 ^0«i? #«otiy-ti^«» in «o i I«# l»0t®r on , l*rm!»€>rf (8,*^) »«»•* 
vloCTifT CIO) t * ' 'Mi t l fie»^ al^»p p^lm»&<mitem^ S f ^o l t r r s mwl tumlo 
BCh^B Tf^mtrnwAhle- f o r th« toiv»MiEC^rng<* |5|ic*fioiBeiiOf3 l o s o i t n . 
UBvm f f^s^lPT f M ) BytitlieetiKo^ tfsi* firet a l i i i s t n o s l l f o M e l»fi»ed 
too os^hofi^f'-r I n t*^*?, w h t l r T o l l t o »« « ^ l l O ' ' ) f l r e i »pfll<»6 n 
wyothc t l c ^ f o l t t i * f o r the e o l l o c t l o t t rm^^ Bmors t l cm of afli!»onle 
f r r r * isrln*^, tht^ I ndaa t r l t ^ l pvo^'nottofi cm ' t©e1«i!o \ n p p l l o a t t o n s 
oe*" o f t»oiti:owt« l o o ©iPOtini!u»erf» bot l i I n » < r o t I f i e «t »*!«•?' mif' I n 
l>r*»otlOftl eppl io ' - ' i ton»« TIse f i r s t o r^oo ie f»i«oli ^offj^ r*:. M*»rr- poo r l y 
dcftoipa flWiterlr'l'^ f»r»''f«ri»?! t ^ o s^o l t f l i le t r e n t o r m (oie l r tnt tat i , 
6ul|rit:oBott(m, c*to») o f n o t u r ' i l pro<iuct«s sodb a9 c o a l rtod uoo<U 
l i o t e r on , t l i e oon^onoaf lon ves ln« &n^ e«Naleto» polyoer«; baood 
on polyotyren© w^ro irt!»toln®€l o« up t j e r lO ' l tNBi<!fj I n ^ i o l i olo^i*' 
o o o t r o l I n pof»f»ll»1r> o f p o r t t o l e «t%0, ol»f*«i«3 I ooeiposl t tan tm<k 
toii»««otieiigi* p roper t to fs . foo«e»©liroi«! ree l no ©nohango imioti «or# 
i w p t f ' l y tfesn t i l© ss«^olltei« wnc* ««» bt- ooov*-rtei'i( l o t © tli«» ooldi f o n t 
1 ^ t rei5t«i f«t w i t l i oolcl i ! , A l tm l f i o ^ f l l o i ^ t oe ®tr#» onetab le t i i «ot«l 
{ to tu t lon i i * 
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Jtamt ae ttie »eoltt<>s hmre t t t e t r m-(^ lintie^f! U^ t l ie t r 
t i ie to t i l l l ty In aotd soltstlcmOf orgftiifo r©«ln» bove ® ar«nfl>«K,;lt of 
lietng tmstabl® In o<i«!e€«i» ffyntcmm «t hic*J» t<«perrt«re© SRII in tho 
pr^B<Me€i of tonlBttif rn^il'ttton* . f o r t h i s reason, thert" txei» hean 
& r«8iirg<?ne€* of In t e re s t In fnorgrmtc to» es?€ShJ«iger » a® th«y ar© 
«ti»ltilf imrtcr tfe^se oors^JIftona. Hiicto of tht* plcmtfortnpf woark In ttie 
ff^lfi of inor ie^ le loo 0s«5l'i©rn»©r» lli>» bcf'-n ''«»«"' by tho if<ptJf»«r<.5lj 
^ro!;-ns «? fhr Qnk Mi^^e Hr»tl€B3«l l,0t>or.''>toty lf»f? ^f ir,A,!Cp»«f? <f«>,l6> 
nml in thtj UnitenS inrjg«fo«t tyy C.B.itaip^lctf (tTt^B)* Other frowpr 
vfildN fiov '^ co«trltitit©a e^scolltmny to th is f l f l - ' orr of 01^ --i^ r ft-"If? 
(t<)-^2)» N.">w>ol!a«i i2Z), hXhcrii <24-."7), To«1t:- ("^-M^, 
t«o«e (h:>)t Al»c f*5-%5), r^urrFtjt (%6-50l ^•'' -^ ^ ' '^ '-^J^). Ttip 
ImrHjrtimt o«lvr.i«s<^ <- fit^o t>f""n '^'f l^l hl<»tiH'*ritr«l In r^  musi'he'r of 
Out of f« l»r|!;e ntmib^v of tha tnRolublr acid mnlfsi of 
polyvf'lent ai#tfil», zlroonltm fiho«i^iai<» l« f»rOI»»Wy thi* »o«f. 
enrtifitwlively 8toell®«* Offttcrlfilg both In tbf» iKsorph.suft aiw? 
cry lit fill ine fonts (65-47) • fo ©l«»ciro*iioly«ti» oppliontlemst 
wtemhrane of /trooniuti fiiosptiotr wtth»t»iifl« oondtftoos of iempmr&tnrt 
aoif T»re*«tire wliiote oesieies do tor io ra t loo to the orp,«ntc r e ' l n s . 
Tt i« wttfwcfive for de«i»lf»»tlmi sppliootlonfi C68»6<>) rni"' for 
u«f» fR liy«''rc«(PO-o?<ii'g'S*o f«rl C(»ll8 (70-.72>, faptTP lispw^piatod 
with ?;frooiiitta ptioeptinte hov<» b«»efi, ©oeocssfully, usi»c1 for the 
rn^i ' ' of»roi9fit<^rfi|5*tlc f»«pfii*attofi» of btvr^lfot BW^ tetrmr«l,"nt 
fflwtal tons , IHKS of ewinoocias fltod 0lk«lol«% ( T l ) . Tlif hipli 
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»«loot lv i ty of thif' »«lt f©r Ml* l?>fi» In piw»»i«iot of BmHKm too® 
liR» fii*o«isr»ted tfse Invefstlgetton of t t n n«i» In a r t i f i c i a l kt^inoyvr 
(74) , A «iyiii««8rilte InVt-Btlg-tlan tri t l i l e Ct«-1.* hr.s r66ulit«<| 
Bcver 1 new crystfll1n«» ton-.oxeb, nig«»rr> othrr th n astrconlm 
T)l»Of«ptJotc. CeHit»{TV) phoesi^otc (e<>) anf' thortmaCTV) ptiORpbnte (33) 
hnvi* n «1t»ttncttoe of toflns; f.h© only IOPOIIIIJI*'' r»clrt s a l t s Ijuvtng 
n ffi^ roK*'. strwottir#, Ffhrous loorg-^nfc ton-rf-'-scIumff^m ^rp v«»ry 
intorff***?'wf beo<^ «i?-r tht-^y en hf* tm&tt tn the prep nrj:! Him of Inorr'ti'^e 
ton-fxcfinnRo p«pc*r«, or thin l»y«»rn f)wlt«bl<* for chromatog:r«i»hlc 
s^prrr»llon«, The«o watorlDls hnvr ft!*?o ho-^ -n o?mi!oy^ <1 for i^'oportnif 
tnarf;.-nlc imt-f^'^ohimsi^ mv^r; nan Hiilcf» «rc IntprciRtf nf hofh 
fim<l UK f^itfJllv nod prrnHIc/ l ly , Tma t o tfet^tr lilpiti Krlcetfvfiy r»n" 
wfiprf organic -if^hr.'nfr- f - I I , 'Itjs-y e rj •'Ir-filjf* omnl^««»' in fiiot 
oellfi «*t I'llrffi tf»*5jpf»r-{tirt--, fsipf.ort frof fl'^ nremw corltaiClV) 
frfio«r '^« t^c shecfs liaire !ir.n o'-oi"? for ttj© ohrosaalogrRi*!!© s^perctton 
of i«oii:f*nlo ionm (75) "B**? ft«¥# 15©<IEI foua?'? soloctlv® towards 
I%(?1), Anit) iWi^^ CoClT). UdOOfitly* m posolMlIfy lie« a l so %c«ii 
explor©*) to ''cvftlop «owo orgnnie-taotsinnto Ion ©net) ngers (76)• 
ffietr tnorgmiie amtrlx hop a ntmotort t fitmilor to ttint of ili«» 
Iflyerf' of CX-7r(ffP0ft),»,!?^0« 
I t t» oleiir fro» above tlt«t e l©rK<® immbcr of tlie inorganic 
ton ©jrcfe?sB^ *>r9 have feeen profloc0<1 ©o f»r« f!ow«*vcr, tliir» RyntheRie 
of «ow*» nov'1 «Bt©rtnlB hmring prsotlo.-?! i i t t H t y s t i l l Qmmmodifs 
fttfentton. /»r»*^nnteiif »tlto»toB an6 { i^o»ph«t«?« «r^ uoR8l<7«irMl 
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i n gMio ra l i n h9 •©re «tn%le %©tli «9fj<MBi©0lly otirt t l i c r a i i t l l y , 
C«»8A>1^  f ia l iR tiavc «^oim m |»r<NDlftttig lon-exclistitgc t ie t iev iour QW" 
h«mop h&ve rvOoivofi siaeh a t t e s t l o n r«s<i<»«tiv, TnbSc* fT tlvc*'-' mi 
@oooiint o f tho l«port«;ot dmible s ^ l t s |>r<?f,'r«»dl BO f n r "^-ttts »<»»• 
o f t-hetr vAlfc^nt f e e t u t e e , 'flio imrfwsr o f thtf^ • f t i 'V I s , t l i ^ r r f o r n , 
t 0 prpp«r«» a (lottl»l# i t« l t l i ^ l c l j raey nrm'o t o be- feiitlily »tol»l^» »0'' 
poppewsrs repro«^«ci^l<» p r o p f r t t e e , Alr^o, i f -"•tioMlfl l l l u p t r o l o 
0IOIR9 rc^nl eraci lyt toal a p p l t o a t t o n e . 
Once an ton-e3iohpfig<> swpstrrlnl v l *h proralsln*' tcm-«-irchaf»ff(> 
f ro -u ' r t i c f i «»«"' a n a l y t t o n l o p p l t o p t t o o t 1« i'rynfhcM I v . ' d , thf- n«>ri 
?c»i-r\'Uf» ni^^ I f l i i f t i o i * t « h<p-lr#fo! I n i r t v l o f tf»p irollowin#« 
(a) l1«»elt'«1eE8 o f lli«» process 
ih) ftmte <l#t©rwtoing s tep o f th<^ prooe«f* 
(o) Pate* l0Wfi {^^Oi*^ fey ttse fjroo«»s«» 
(d) f^ o«9© t l i o o r e t t o n l pr<HHottao« t^g®T&\m> the pr&&ftB»^ 
f inc© t o n ©xchni^© i s In t ie r t i t l y o atotot i to i iK^tHo proo(>8e, fttiy 
eoii»t«^r ton© trf i lct i loave the ton ©3tclif'ii§*»r an* replao©*! t iy on 
o<^tv« lc !n i onKMiBt o f o t l i c r eouotwir ItmB fl« rcprepentf^fl l»y tli«» 
f o l l o i r i i i i ; o f fuo t to i i i 
^-ClB. • ^^ -^'^ '^  r ^ ^' ^«ol«* * '^'*"'^ *^  . • • (3) 
I n tho above reno t too mi • l e o ^ r o l y t e oont^ t fa ing a co«rttt«<r t o » 
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A* mgeHsmg^B with thp aetrf^: %melly to ffso B* foam* !'fiice oo 
oo^too effpottvely cTit^rr the «sate!ii»»f|crt ^^ ^^  nroci'^r tmt^t fm ooi* 
will ..'t^  ( t f^ll tlfiK^f f>irc»ri»rver ttie i»lcotronrfttTOtity of pf^ '-'ti plJ8#rt« 
f l io mmlber off <^an;(»0 c f r r l c ^ into tfie f-ssctirisger t>y i»* tmtm iwiftt 
cr»itRl t?ie otiafecr of 15* ionis leri?in« ot ttie easo ttocu tfetu 
esiifsllti^ of tlmfi o f fcfeo cfsterlai* m^ les^lus lone ' tf»ntf f§os the 
trcf^te^at of ©sicti/ii|»e fetRoties* fiior© cr« tSro^ ^ l i i t l i i c t fettirtto 
tsrmermet 
Ce) f t l « ^I f fusioa l i t ill© l a t t l r r r r Idyer of GQlQtl«» clofir* to 
ttie «felifiiig®r piirWcl@» 
Ct») r c r t l o l ^ (Hffiietoti o f tosis tn thn satr te* 
Co) S f i ^ o r l c^mhrnm i^BOtlm* 
a eorioos Qttf?3rt tn ttip Btu^ o f tlio tofi«K !^5Cticii0o titaottop woe 
soC'C' f t ret of nt% liy Hnclio^, enQ WooS (irO|l!?!)» ffeo r:^to aotefstiiffip 
efop i n iofiM«xclt'^« tn tBt r r^ t f f t t f too of tfea c^lioniitiiif eoontr-r 
tone ei ther i r i t l i l t i ttm ton e s ^ i n i p r t t« i» l f (fmrttol© dif f i ietoo) 
or tn ; o 0di»€»r«iit »lt«i«tfl f t l » * wftlch tw not ©ffi»ct#^ l»3r n^t iattoi i 
o f tti«^ nolortoR ( f t l « ^t f fusion)* fli© rate* of too es^h^ngf t<? 
aotemiocfi ^ the sio^*r of ttee two proo©f?»e®» Ki«^ «1 ot o l , ( ise) 
g«ve a eloar ua^&retanttlnfi alioot t i i« pfirttot<^ m^i. f t l n atffualof} 
plieiiOtte>iiat tttc^ forwor befog vntt<! at titgti oonemtrfittons iilitlf» 
ttiif» ta t or «t loi^ ocKio@atfl«ttimo« fUte vimi m^t eofiftrae^ W 
nHQhmih&m i^23} fo r tfee «i2|Afln«to(l fiolsrst^encei* Snorgiiilo 
too en^aneem tiovi* reootvo^l m ecmp&mitv&Hs t<^^^ <itt«nttoii m 
far oo t l ie t r Ictootto t^totiy tn aoneemoil. Use f t r r t eeMt«fpinitttiittir« 
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wm»mniMmtn%9 «f tl i* raivt of •3Mti«ac« of IOA* witte cr«ii«l«r 
•ireoBioa fiHtttplMitt «id osIA* (IS%) nfcovttf tHaft rofiid inttlail 
ti|itaiE« t« followtd ^ a •lover «%»or!^ ttQii» ttm two ot»i«o 
pifBmm%lr o<Hrfotf)oiidiiii to Oio oorfooo ^olumgo oiiil ifffootoa 
t«to tilt tfkttrlor roopeottvftijr o t^avtotir psrollol to that of 
org^ate rootfto (leS)* Itaiioollas aii^ l fatorscm (126) obtafood 
flttantttattiro resvtto of Bvtm ota^le loR-^oboBgo proeoistoo o» 
8tro(»iititt fliooi^ate end Hy^oofi ttiorta^ irfiioii have i^mm nttrmt 
dlffostofi oootrollod Mtootioo* 
iyntt^etle tnorg^iilo too exolt^tters tioire fo^ia opj^ltonttone 
In various fields Ci27h l^rtflO'ttoo of ooolmit wntor In eloft«d* 
cyoi© roaotor eyBt€«» (1S8*150>, e!if»»loaI eeporattoii of f^«to«»ott"re 
tone (131) Qo^  ©xtraottcfi of ormitos fro« eau «at«r tistng tttanton) 
oxt<io <t3t) 0kr0 »mm of ttte axattplea to llliistinita tliair oaa to 
Qooloar flold* lilrooiitiMi phoa^tiate baa niao Ikaea oaai in portobtc^ 
rm^l (^talyata erotana ii33)t ^aoaaaa of i ta til^ti aalaattirlty 
for 981^(f). protfaetlon of tf^artoal partloliaa (I1%«l35)f 
ftraaipttatloe of al l ies g9% onto ttia strooattm pboapbata part tola 
(i36) aotf orormattoo of almoeloift plioa{iljata in a polrtatra» 
floorothylana (flooropleat) aoattng (tS?) art aowi of ttia attaarpta 
to luprora tlie atalitltt^r of alreooiiw pltoaf^ato* tmmtg&nio ton 
axobnnfara ara alaa iNfiortaiit ta tba ftaia of watar aeftaoliiif 
aa they arof iaaarally, tiiglsly aalaetlva for emmm natal toiia, 
KtraoBioK ^o*i)liata liaa %«ao raportatf a» a raagast oaalt ia 
dattrisaata {159) • t ta afiplioatiofi to ehronatograp^ ^B liaaa 
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ftt«tl«rlyf «tiloro}iy<?rQoai%<me ana fitr«sptiitt« tiive %9«n effctottvely 
•e{)Arat«<l on oryatallliio potofstow dtroQUtc^ pSios|»!jiit€ Ct%f>)« 
Cf«e e« «8tftl:r<^^» t« onott^r totere*t%^ foatoffo of tnofgr^nlo 
ion axotmiigora* Btaee ttmy ar« solid aotOs ttiey eas" tk@ve 
potontiol applioation iti titraiiona (i%l,t%8}* Aioc^ol 
a^hy^ratioa <f%$pi%%) o»€[ e on© etep Sfiittioaia prooos© of ©otfejcl 
ieotmiirllietciae (t^3^m$) oan 0tso %o MUtiaiiaa in tbi© eoataait. 
To adaition to thia a ooirfbar of oatatFse6 oxiaatione haim hmn 
reported aoeli aa liotaoa to ttalato aeta (l%7)f 00 to <^g (i%8> 
and oiiSatlvo waato voter traotaeot Ci%9)* fQOf^ <3iito eetibrane^ 
er© ottrsiotive frow tfe© atats^otot of tliatr atebil l ty %mm&B 
nota@y tm^mmtwee and Hifli rodliaticm ftolSe* ftioF ^oolfi pansit 
n iitgtier/taii^arataro to %a o s ^ an^ titl^er «ffeoioaotea to l)e 
attaiised^ @« ooeparoa to tte oflBAfiie rasttsa (l$0}» fo trie f t eld /i' of oorro#;lot} atao* tnoii(«iiio ton esot^ aasera tiaire fotasS opplioo*. 
ttooa* totHi^ « Booay (19* > fe«v« Bbomi ttint tlia ©offosioa nofi 
lowar on a <itaal totm mrappad wttli 3 tbiii atiaat of a ttsTdrooa 
ostda aa oo«par«a to ttia one witfeoot ^ e aliaet* 
f t ia olaar frua tita aliova ttiat inoffaaio iim axoHf ngara 
ara a t l l l tHa flonrtalitag natariala poaaaaalBg a potaotlal of 
anotfioK mmKf novel applloatiooa* Bnrtng tkaaa «titdiia» oitr alai 
liaa l»aan to ^valop a aatarli^l wtiieli wmf fioaaaaa a liigh ataHlitjr 
Hotli oltaiaioal anH tliar«»l ana aajr abow on axeallaat rapirodueibility 
ia i ta ion exeHanga liattavtoor* 
21 
miimmmmmmm)iitmmmm 
t* ff«r«¥{}ltoK)y iiiol«Ctken*t ^ ^ ^ ( t^OK 
i l» r»f!€5it!i dart A,!liifflptar» 5ttj fiitem#Ci»s»f*oi^ appl#Cli<»!!!i»t 
10. o.roiltn me n.Bcii, ^•Bi«i,«^i«t,y 22f 3 ^ Ci^7). 
f9* ir«A*l!)rf«iie and fl.Otf^tlltp©, SmM*Chfm»Pmi*f ^ » 6^4 (I996)* 
f>roe©eiS<ni!;s of the Seeeii^ tnteiffnottotifil CGofercii€?o on pf^acpfiil 
tlirpB of Atonlo Pner^y OenevD, rnttof* Wetlonsi £9, 3 <19?@)« 
^7. C^H.^lK^lett, tM« , 2«, 17 Ct95»). 
18. 0«ll»A®{9l)lc»tt, *^iior^iiiilo loo rifiti^tigern'*, f l**f»irfer, 
22 
23» ^»€I©9rftoltlf ^^•fftf.tsiitlfo, A9^»mMnG curt <l»«<!«'^ oiipt tMd, 
a am Ci995>. 
!!%• CMUori i i!ii<? O.Alli i l i , .^eiit^wiCTtw^r,, ^ 57!) <S958). 
25# OtAll><srti0 f>*C*OsIil» tf.Ciwitctittfia ©sil 0*Co!^cs^i3, ^•fooyg* 
S6» O.Alfeortt ana fj.Costcmtino^ ^•e&pijisatogr., |§2f ^ l*97^)» 
Ibia, 3 295 <t968), 
10» tS.^lierfl ©a^  CToiTftcuei i M ^ , ^ ^7S (196®)* 
3t* G*Mti«rii| 0»€osifliittiio» F«M Gregorto aiitl r.«forf»0(iQ» tt)td« 
B i 3*^ (*969K 
98, fS.AlWrtl i»iti li.A»ffe«6itoolt tMa» 29y 17^9 <t970)« 
95* 0*AllM!rtt ana !7«€o@tiintliio» 4r*Cliraa@tQir«» j|[^ t %02 (i97tl)« 
9%* 17«Coeteiittfio fma A»(la»fieroiitt t^t^t ^ « 2i9 (t970)* 
3%, 35^9 {I972)* 
23 
36, IS,AllJc*rtt, f \ ^ l l i i l l » fr,«Sortoiitliio» t^Gcslli, %A#»08i«i©et mill 
Vol* I fk^^v ff«i8tterols/'#, toC?8pc}©t (f9G!»» 
"t€m ©sQisrnscj tn th& pnjecss liiOiistrtcef foo i r tF of ai<Trtcrl 
^ » fl#BcSt»o tm6 f^ToEitto, aj|l.»€tie!i»fcio«^r,f»ras, ^ , 1005 0973)» 
44» ?f»^»e €®a f . f t o , iMf^t 4 t | e3CH3 C«969K 
^5« H./^ lJo ma T^ltOt SFlim^ BfeiSf^ si r-essUlf ^ «i7^ Cl9(i6)» 
*^« ?i.'^iir®i*til and t»o«f^ar@hticyt l l i l^» ^ t 3081 (196S}« 
50* l i»^ i i re^t mi0 fi«A»MaM» <r{i1ioot3« f j ^ 1355 (1072) • 
5'^ « A»i;«P« ana l,CtiO£id1^aiTf S»^rmmto^m§ ^01« 63 (i97%)« 
fS« A*K»D« ana ie»Olioti:^ttiyy iHtdt <0i , 75 |1197^>* 
53« A#lf»Bt W0 $$«t»F«e9 Cferoaiotogf«|)t>t«, «|j| 550 (^978)« 
5%» f .V«««ly «!«! v«P«ker@l£f f a i m i t e , tgn ^ ^ (^972)• 
55* V,V«»ely pmA 1?.f»©karf»ic, H i t d , j i ^ , fS^5 C*972)» 
24 
&i0 rtA,notori>vfs» f>*A»itoltas&eya, n»a«!i t l l tst i is « f . P»A# ' 
67. a^f^Qt C2IH1 ^,^,Yosof, tfetd, | S , f%79 C«979K 
^ * S*f*fiQ|iitt» P*!l«Boas» ^•^•easol« cmd (l«t«Sre|^&ii» Pe8aitaiitt«ii» 
70* A»!3n)Qncelc6 and ^ . f •Bn^pan, 0lic»Jiig»^m8«9 Oot, 16111, %0» 
75• a«P,llii«leii, «>«Tlmstrooliiw.r5oo.p I M , 7*6 C <^KiS)# 
7a» l3,Serg©r an?! f t .P.^rtor, t l i lH , | t?« ejo Ct96S)« 
73* 0«Mboitt» Otroiaetofpr.nev*, 6^ O^ "^  (1966)* 
W.Woi^flior, ^ s f r e e i e from tb r l9«T«W»eiiroslo ercwa Prufra* 
25 
79» O.^ilMirtti lf«A«ll«ssi}00t end ^ttomr^eaf «|»0iroffi@togr*« 
^ 579 (1967J* 
76* 6«Jill}ertt« f?»eostitotinot lt«1«.GtovagiiOttp tMai 190, ^3 C''979>« 
77* P#f*aiiote0»«96toa©rot M.f •OoaiGa-^ol-fllo a«0 r«Gtirrt€l«llairti| 
tiifOTCi»Qtslei*^8l*« 2 t 3^ C«^ 75>» 
rta^Sfeta, ^ 79 Ct<>8A)« 
ISillftfllti©» g&»iailiB#f AI>8tr*!Jo» 150 1800 Ct9Si)« 
Mtlitsftfiftt Iii«iliiicii» Ksterlellyt l»eBtiigraaf £> '*29 (t!J80>» 
olHsen tonoectfiya, t^ 8S (19^) • 
83, lf«!^«!lii'%amif ft^lTeiilrittatiilire^oiilai* p0&»mytntmttf and 
fl*{!*Pill8lt il*{:»0*filislri^ At«ltes»Oeiit«t tl«ii«R»C«^7IIO» 6 
( t tT * ) . 
4, ia%5 (t98lK 
85* fC«f!«iGMitg mfi o,roiefit«i»t d«l80fs«iim$%#cti©a,« ^ 1359 
(t975). 
86* !f«ii«%%«b» H«B«rvt<»ti QUA ll«ltovftaiit Mater•ea9»Bttl>&«« 
Ig , 1*9 (t981>« 
87* !C«0»7er#}tiry fnv! /^•^•lainiy ^«fii»irK«!locI«€^iflK*t i i * ^^ ^ C^979). 
88* ir*8«?ar«4iii«y am! A»A«Ktef!B» fslimtfl^ Sgt 5S8 (f9?i)* 
26 
CJ9S0), 
96* AftfCciletiit s^^grmml* ll#!^«stni^f Ii it«(l«^ppl.t^^%tt*lnot«f 
^ 653 C1980). 
95* fgtl^irarstiiiey emo A»Pre®aefi8f •r»Ijlf|tiiti C!inissratosr«, 
96» Sl#/^»lf©t>t, A»fl»flt<!^i«|isl flsa n#A«ll0«, i1»M| ^ t 1285 (1981). 
H i , «75 (t976). 
9S* l»«S«flili}a| S«F*^«Bi^ii ani 4«f*«ftitwat| ClicMi»ilBal« (Wareei?)* 
2%, 65 mn)* 
99m lt»Qttr&8M m?'« E»C«8liei^ifet M»t*^mn*t j ^ S65 Ci9T7)« 
tO0# M.Qawitlii ana fi,a*l^ashit9 ll«fm«Scl«T«otifiol*t | 2 * ^^^ (1982)» 
lot* S*G*Y«rttin«3r and A«Pr«B«ift«t IMti« jMSf 795 (t5IIS>« 
tm* e.Cittirotrft L»^strl«0 mii t.*E«tii!rtiy fli»fHfK^i»i«ftiiatoiiiiel*t»«tt«, 
«, 11 (ltJ71). 
105* $^ «^ «tl»fprt^  f>»ff83rt wtd t»ff«Bft6tf«l«« J.ttiori.KtKSl•€!!«••« 
^t • l l ? («971>. 
27 
10%* #^^ «f!ii%>'at tm& ^•^•Hlioiit Mn.OtitfBvf 62f ^^^ C^97^)« 
t07« !l#«J#Gliicfi cm6 S,!3.Cefiv!«», iJ#liaai<i«i5f l^.C!i<»»t 42, 195 (1979U 
I t , ?3 (297*). 
ttt^m K»V»Barf?tiS:ovQ cs?i 0.!l«^Qf?tGaw©t neMitsM^t^fQ^ fft, SS5 <197S>* 
«33, |t*Ooi!}«t l»«rc!ic»&eii, %%Do4©©lGgcjii» t»»0«Bi»oteI© anH li#D»]^o«ti 
tt^0 ^tP^Umat ©sa M»lf?b&l» ,at»i«l#htsi*9 ^ C%1 |f^79)* 
125. fi»ll»0hetv©rittOf O*S»S9t<itjtii0V% f1i,Prlkl*8lil»»» ^ ttBi 
C«977># 
JJ, 1277 (1980), 
SBprnkf |2» "^25 (t979K 
It9» t , fo« i t» , 8UX«r<i8Ct It*^«tto oaS f«foi?tyr«i0, tbiai Q^, 
7*9 (19SI). 
120» i*.C*iritcl5©fl and W«Voo«l, SmM^^am^Bm*^ §S» 1580 (*!>%*)• 
28 
123. l>.ll«lot5c!il>©»«, tM« , 2Jp 3»9 (t953)« 
I25# ^#i*#Kltofeeii»rf tiHi*43sr<jlioi^ e Hcstse^ I$@fti0ci»# f^widoii, 
106* 6 .Tf^ Tlotioollas ona a«l»ator@o»t <}«ftiorg*!lool«Ctie«9« 
te?, A«Cl«8rft0l<l (sa,) fooftanto too Bi^tisnge Material», 
6S (t963)« 
Rcfiort t8«^52 <196«), 
13(I« f «A!trlf*80 dit6 G.eiirIetont «l*ffi9rg*Hool «<%«•«« 2]|» SS29 
(1971). 
131. ABQii.y t««*»lt«t.» f|f>. 10% ( I fTfy. 
138. ff.il.irvmy J«8r«mtol«Sneri7 i ^ . t 2# 17i (I9$i}>« 
t33« A.Qoraoo, 0«S,Betl«rt lt«Gr«««%ftini» L^lHirtiitSt t*6r«l uni 
ll«H.N«iirclly frAii»«IUi«f^oe»4rttf*t«t.OiiiiR»» 12ii S53 (1971)* 
13*. J.tTllrteli, V.Tnqilt V.l»«lif»ralr a«a I7«7tf«ty, tT.fttiaioiiiiiil. 
Ch«i. Wk, 561 (1973). 
133. fi.OiiUtlifi m& n^ffmplf 3*tnorg*ft»»tSh9m»^ J|2* ^ ^ (1977). 
136« K.H.lTo^nigt f!.fe6R«f«r« P.Hoy«r fiiid ®»aassl» llaatoefita« 
MUt It in (1963). 
29 
P«t«8t ^a2f 506 (5l97t). 
f5S« fC.ftlOi Y«1EiMr8«»y K.thiiioWe oii<! K*1l«li<»iit (to Ssgfttai Xogyo« 
fnu.)* Nepali p»tm% T^i% dtO (tftSK 
t39» K.PiiJliiiro iiiia ,^AiHSot A«9l.eH©»*t S2» H79 <t977), 
*£» tS59 (1976) • 
f%l» ^ f^ftidttortf A«fiaitg!ir# and 7«t|itraleaait «9»7oori,Hiiel«C1}<Hi*, 
1 ^ 1107 (I97»K 
14S« A«eteorti@ld ana l»«B«ttiakiir» ^•CotQl.i g|« 165 (t9dO>« 
l%9« A,^,6alaiidlo, Ve6«i}«l^ oslr«1?)Eitv«t i» 1S7 Il9f7)« 
14%, !l«£«fl@teii!»ftfi» A.ttH^tlia end ^m^^W&Qi&^m^ Veftn« {^>elr« 
{Ililir«ff«r#tt 8httt«f ^ ^ 107 (19C^)» 
^ttOmSp»*f ^ 8922 (197%)* 
l%6* T.On(yt»f Y«!fl8titnnli S^ AIdLjmMi^  Y^tstnai ena YvWatr^ nebe^  
CliMit«o6,t % (1977)• 
t«7* 0»T*lar««»« mwmm mtmm^wih g^ $i$^ m9 (197S). 
!%§• *r«iC&l«iWf M.lHiatiiMivle ane A.ottartleldt PnMi»tnt«8y»l>*Cli«v* 
n«ii««, fn«*t Afl*.Cfe«».l»«r., 155* 65 ($97*)« 
f%9« S.^catfiflt i^ nd r?«Tnot»i, (to f»o 609el 06«i«tnd*Co«ttttf)« 
,|fttp»n lout, 7606, 3f9 (1976). 
190» ic*F«fif»Jtiit P*B«liolo«, A«J«Oii«oto en^ ^»f •tr«sgii0»« 
f^ooollnattoii, £ , ©37 (1966). 
15*« t»t^ibo^ m6 l«»ftooor» fo»«» TolJ««t 5387 (1972) • 
e 8 A P f E g > t l 
imm I iiiiiini'iiiin > » HI I 
30 
tm^^mwBihami^ ^rsp^rttts ms0- «niiwitt«e •tAi^liity «• iimtp9fm& to 
tlio otngto Mlto Cl«$)« Stll««t«» «•# fiiiMi|^o«tlio*to» oro 
i«tt«riil%r «of» «t«i>t«» tMil^  4lieiril«oll3r wilt i^«r«a|]Lf» ttt»B 
otucr Mitortclo of ti>t« olooo (^ttt ) . il»ltiirl?« oroott»to» 
Bhmt $iim^ tmh>mi»hmm» nsfwottir md roinro^ioliilltty lii proi>*r«t 
tfoo it%mtf% hm loBMa^iiafiio o ie^ of fti»»eao»tltoato» of 
t%trm6tmt votolo t»« ttotro««ir« tootrtim* Onr proooat offorto 
orot tli«nrofo)ro, to «vi>loro tbio ^osotliltltr of pro{»orioi on 
iQVii«tioetll«at« ! , • • SrCf'T) ertooostlloate i^ lo%i o^ ovto fooi 
ioo«>oxoli6»s« li^ovtoiirf ttigfe stolitltty mi6 mpptie^ttom €» t^o 
a«p{iratt<»i9 of oaoiftteal Umpmttatm** flito obopter oowMirlBoo 
tHo f«««ilto of ««<^ o otodif* 
31 
wsammmmiit 
i f afft^f mtA <^ttl»iil« 
Cita0Slo«*3!t|^) «•«« te Hit* sttM^ ««r« tii« 6#^«B^ (BugitsB t^) awa 
B t t i t I Cfi^8«ai^iy 8attii«t tim&fejt) ppo6n»^» wmpe&tivmtf ^  Al l 
ottwr r««g«tit« end etieiHtVfitt wsfi^  of Aaalaii gira^* 
S I . 8ttt«l«i Siiatrematt citea and t t i lled«I^let|» 
1« X»f^ 
3« T»0«A« 
A y i i t l l ^ » * » ^ atffini«ttcM wil t with « 
BtelMSfi fS»l^ ^iiAeiir^i^^tMMt^r* 
& 
A tii«tiMi%«ii!i&o« o<»i9i9ttiig Of » Coiiti no 
wmrn^ fa»t0ttv« ffimfi«»« 
t ta t ta alMMiiNil mlfwr C««ll trp«) • f 
lt««ti^0Ktft OomvattoR of India I.t#* 
aalBf a NalCTl) ^taatar« 
III awaaaraaanta |8 aatar, Ma^I lif«>10« Bitaa (r«dla)» 
32 
^•Hmm •t«f)l«« of iiif«Diitii»(f7> «»r««i9»ttie»t« mw 
pmp»vA %gr tt i* folSiNiiiii vfttlmtft Aa *^»oo« (Oat n) am& Mtai« 
•IfOtnrl «til9rlAe toti^te^ C0«1 ft) <»ttd ttie $0 « t tti« wtxtere «»« 
imt&vmi%tmtty to iHitolei a »tv»wwr» htUtr f l l i t r l t tg luMI «»»Iiff^ 
«lt!i a«itB«n(lls«d mut {tmU ^^ ^ « trodtta « t ^ A t t t (v/v) 
«ijctiir« of o«f M 0&lmtivm of Ar««fito una aityto iietd«« viio g«i« 
^118 irt9Qttoa« wstt dlg«««oa «t vooii ttMpttimtttre for 2% ti^ fIttoivtf 
oiit» w»m^ memm^ity to mwovo «i^#«ii ooia and artod at «9 Cl« 
f t »»• OfaetoH into wa^il itontitoo t r pitting t«i in^ i^teh wero 
ooisiNir«04l t«to ttNi m* for* «t«ll t K fm3)|* ^fter natlrliif irtt& 
mWf %imf woro ftnfttt^r ^ loH m Gt>oto» SOIRI ftSi^loA «9f« 
fVAparoA I r •txtiig torr otowty ttie «o«ipott«iit ooInttoBs to tti« 
t«^tr«d voltm* rottoAf t'ttti otIrHisi at 99 j ^ & 0« A tmt odai|il«» 
voro ntfio ffoiporoi tir ootiii ooi im 9>wmm»%& %» ptm% of orooBto 
««td« ¥•%!• t r t •fMiMiirls^ t^« tollAnl fontwroo of ^ « vorlooo 
iMiaptoo proforotf wttli tiiofr tefi»«90ftt»ie oni^flottloo* Sonj^ Io 
ths^t «M oolootoi for o i l tlio otndioo* Hio «otorial « • • 
fr«]iiiro4 to to lotoltoo follootog tiko «%oire i^ ooo^hirOf o i l of 
uliioli fovo ttio wm looMBMliOMgo oofNietty* 
I t wot #otor«t»«tf lifr t ^ ooloMtt i^ roo«oo« tokrliHE t g of 
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34 
mm ss^l# (iB R^  fora) la a gliiiNi tii1b» {t««« ^^f !!•># f t t t«« 
vtth ttf gl««» iiiM»l «t t t» tiottmi* Q50 ml tfi & i m inmn^ 
mlutttm «ms piitMd liiposigli i t vttti a flow rat«/^0«% Hl/vta 
«&« i l l * •fflocnt wftft t i tr«i«d imotast e afnaAEittt altcall aalotlm 
Cd*t If ff0O!f)« Hia Ha"^  axaHai^a «dpftelit«a aacpi^ atad tn tmw» at 
the fiitllte<|«lfal@nti ptr diy grats at ttia Hiffarast afi»|»l«ft 
prapaveH^ aira aoHMiftaad ta foible XIt« 
atnaaayatlaa Hafentiaar 
fa atai^ f^ta ti^airtotir tlia aea6 ustairlQl vaa traatatf 
«lt& t ft wm^ ta • ealam* Attar waatitag tb9roa<^ly «ttti Mt^ 
tta t08«as<!tk i^^ a aajpaattjr «aa dafatwieaa «» oaaot* f t was 
a^aarvad tliet apta ftira ragaaaratlaaa tlia lan^aiaBaaca eaitaalty 
yaminai aaetiiitt§aA* I t lHai Utrnwet^m^ gra^sl ly aa 9%mm ta 
TaHla IT* 
Ig^aaat Caaaaatritttoo Effaai| 
Oonaaatrattaa at t&e alaattt ta ta^rtnat far tlia total 
ret9fi»9 of t ^ n^ fro* t ^ aoIoMn« fa ata<^ ttita %aliavtoar llallO^ 
aalttttatt& <tao at ) of dtffaraal aoaaatttrattoaa irara fiaaaad tlirae^i 
tba aaleiB aoatatatag t g axaliaijgar* flia afflaanta wew9 tttrataa 
agalaat a at^tfara MaOR aolatton ta tinU aat tlia n* ralaf^aag« 
I t InAtaataA that a 1 tf m»m^ aalattoa in aaatntlal for ttia «axt«ai 
alattatt* 
35 
illii|iirilnilir»«in—il»w» 
«IMH«ll«WHIIHMMIIiaMIMH>liMa«HI>IH>|>^^ 
Mtmntf l»0 If Wtmm$ m§mmmnt$ t*0 ff 1010^  
Btntttm urelt B^ ir«I«A«# « 
* • « / • 
iliNI llwlWlllyililllWMIiliiWl»l>»ll«l>lltWlliMI»lllll»l«W»l>r 
t t»30 
f t f«30 
lit t»^ 
n t«ffit 
mt t » ^ 
1 I«I0 
Av»fss* ta t * * * of tiii«« pcr«Il«l r«ie« 
36 
«tttt«d vltti ft t If tl«iO^ «ol«ftGii li««9tiii itm tlm t&fr^nA mtf 
«i»« t^me&t to ttl ihraeito»» of tlM» «ffto«flit «•«» «oll««t«« 
^ d i ltr»t«ll iMt6ifi«t a «iiiti#3i^ tMIS tolnttoi}* t ie f«mlt« iMtng 
stioirai III Ftiis^ wfft &« 
too m ^f ^ ^ |^ oi»^ «v«d «iicelid»ger irtrt dl8solir«d i» e 
litttlmrsi aHotmt &f ooa^kS^SO *^ Aft«r atlattoii to »«^iPlr tCHi «1 
«rtt!3 net«]»» aireentsBi woe pr««tpltat«d (18) vHh a frwslilar 
tbtmigb » Wbat*^ Ho* %2 p3|>i»r« f)i» |^r»etf>tiat« vas ignlt«lt 
onS ir«igfo»« • • i90^» fii« f t t t r«t« «{iiitftlaliig A» aaa St ««« 
tr»fiit«ll witli a t | t wAMtmw* of BHO^  and tlOlO^ to tfettr^ ttit 
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5* y.TQKmm, 7.1 <|tiof)i, StfaKogneni end t.Vcwitta, Biill*eheii»Soe* 
^P»M Sit ®^S5 (t979)# 
$ . f».P«t«»s, l»,Siio am K«f *Oli(i», fIita«IT0»e%t, 35 <t965)« 
7* f . l * , fau l t t^ .SWBf 6»« K^t.CtiRO, tl>t«.# 9 <1967). 
8« ll»ir«a]t«i»it Xeniei»«v«l«i <|j» 173 (i9S3}* 
9* t»Q*Vart^n^ em6 A*prmm^9t 4»hin*eiiit9mtogr*f ^i* 913 <f98IU 
iO» K*G«Verfi|]ti«l' AHA A«vr««Raaiiy I1il4» %y 1S%S (198t)« 
I I . ir*<l*irartl)iify» t l .^aniaf S*Ri>iii «iMl Jk*frmma»9^ S«pii,8ol«*r«e&iiot., 
|2» 1587 (198S>. 
I t * S*J»!f«QVI* 0«iffiyii ttai t«f!«lii«t«l«f #«fiioffS»!fa«l«Otim«» 
2h ^517 C1971)» 
13* B.TomeoAt V*Oo«tii«tliio ond ll*A«llii«iiioet, <r«Ctireaietoir*« 
20, 5t% (1967)* 
1%» 0«Al%«rtl, tr*0««««atlttOt ^•^^ 6r«gerlo ii«d l,Torffeee«p 
^«Iaor««l9ael.Cii«i«« 21f 3195 (f969)« 
13. 0«Al%«ril «»« M«A«ll«e«ii««l, !%!«« 2 | , 1719 (1970)• 
16* ll«Q«r«»bl, ft«IM«r una B.i^.flettior** J«eikMi*Soo», A» 272 ( i970)* 
17* lt«Qtir«»lii« «r«r«lft«*t AiMl A«f»*6«pt«, jf.ChrMMtogr., 
l i t , 1$7 (1976). 
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St* 1f*fr«fiti«»ttt *StfiM««rd li««li«A» » t CfttattfQl ikiit»l3r»t9«« Vol . t , 
ttOm A«f «t<it«lt *^ «xt%fMife of <^fitttttatiY« tuorgacile AaAljrsift** 
Hb r9Wi*$4 •<!«, p« JKIly 0 t0r (tii« CbAooUer Prem*}, 
SS* 0 .W.ft^itliyt B»w*SeluilS and reinqr»t ^•cm«ii*naiie«» 
2£, 555 Ci959). 
en&pfBu^nt 
IIMIIIIIWIIWWMnMIIMMHWIMaMIMIIWanlM^^ 
64 f 
fnorXMifo toil «^liaiig«r<i »r« ••m to ^o«s««» • htii^«r 
• tabt t l t r ot •l«Tiit«4 i«il»«rtttiir«« loKl viitfcr ttrimg radlfttton* 
as eoaparad to tbeir iHrgeiile «otmt«ri>atrt»l *ii4 a series of siiQli 
ttfitarlslB ««8 d«inftlo!^d prSnarll]^ «» » tool for tlio f}«f>or«ittott 
of tofiio fiftslof) |>r«diiet« (tg@}» W€ir enmpt9 tr(tv) fibonphom 
otltoato Olid TlCY^) ^otf^oottiooto have iMioii itood for ttio 
toolottoii of filGtoatoii i3**$} end tlio raatoottolidos (6) rosfioo-
ttvoty* ^ojr «s*o of grmtng tntoroot in reliitt<»i to ttie tr«at««fit 
of ooQtottloatod wator or eoolont ttoaomtor to roootora «tonet»g 
St bigli tao^aratoraa &&Q praaetsros (7)* Umm^eitf i^ty fair 
rat>orta (8»lt) t»eira appaaraH to ttia Ittaratora oonfimitiig tlialr 
raatsttim atatitlity* SaintiB at iil« (tS) Itaira atioim tliat a 
geoaralttattoo otioot tlia raatatatiea of toorgeiito ion asetiaiigara 
aiotitat railiatloiia eamiot 1>a m*H% vlileii was aopportad Hgr 
fanaon at a l* (t?)* Baiioa i t ta aaoaaaarr to iiava a ajrataaatte 
attt^r of ttia ttiaraat am& radtatloa atalitlttiaa of tliaaa awitariala* 
Atao t t ta ta9»ortaiit to 9e« ttia affaot of irariooa aolAa aafi 
al^aItaa tm tliaaa aist»ataiioaa ao tHot a t^aa tmf %• fomaA a%oot 
tbatr f»oaat%la ottltaatton nti^ar atffarmt otroimataiioaa* In 
Cliaptar-If tba arotliaaia of «treoiitoM(f1P) araaaoatlloata a »a« 
ion axotiaMgar liaa liaan #aaortt»a4 with aosa of i ta ietaraattng 
faatoraa* flila aliaptar gtvaa an aeooont of tta ottaaioal^ tharwal 
and radiation atal>tlittaa» 
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mmnvmmnau 
i t — I f t» —a ch«iit««tjs 
All tti« r«fti«Bte em^ «li««toal» «®«« wer« of Aiiol»f{ p^d« 
oMelnad «ittt@r froe tli« B«0«il*poole lEnglaod) or fi*lf«»eir 
tntitfnmmtm ti8«a for tt>G various etttfilot oro fitvos ibolovt 
—»IM»—111 nil lllllllll|ll«l«|ill»»l«»>«IWl|«>IIW«<IIM»^^ 
@1« StiiOlee la^troiiei i t need ana t t o Hodot/Hato 
Ho. 
BMMMHMMMMMIMMI 
l« tiifro-»]B«d Sdoiomi f8»!!Q opeotroi^otoiaotor* 
2* Colorlattiy BetioGb & it^ai Sp60troaie«80* 
5, III! atoottreiiefito i^ ««f«r, No^ol t*f«tOt Slioo (tt»tfto)« 
Cfttwtoftl i tobHtty 
ftio ooltfliiltiy of »lroo«taii(IY) «r««»o6tlto«to to vorloo* 
•olvonto vat Aotonitii«d e« followot 
Eocti of tli« S90 «g portiooo of tlit ooiiplo th^mi woo kopt 
1ft til 99 «1 of ^ o oolvoiit for S% li wttft totoratttooi oliolrtiii, 
5 »1 of ttto oitiooniotoot I t ^ t A « • • ovofioratod to arjmooo* flio 
ro»t<t«« wao Atooolirod tn fO ail votor ootf streontwHf orooato oad 
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•111911 W0tm €ite%9W9Amti$ i t tpm^tsly ftf Jipplytag tii® foltowtiig 
%nV&%%^m were nM^d 0#3 » t of O.t M 101 enS t«$l • ! 0f 0«t@5^ 
alii#ii>lt# ©ll«©ri» i?®fi • S to la t t im . 1^6 eol©»r ®@ «#W9l©p©« 
WQ® Mia tcd i© 10 » l u l tb fil©®iii»l Is d « *o^e r i ir#ttt»©trl© 
fiddle mskQ tli@ c|)e{nrt)0iiii« tir^s s^astirei mt%m %% niiaittee &t 510 I M 
%y »l«l8g to «1 nf ««tati©Q A C* S ewiwia© « 0 i | ^ i i t # tf$ to© o l 
«f S It WgSO||l »ttto « e l i>f «0l«ttc(ii % C<**t50 € ftr^r©i!lii© sulphate 
t8 100 »1 water) ®ii6 ailntts!? *t»0 ulirtor© t© fW » ! • I f was 
p»il»8r«tf frisfli #8t l r * t0 « l of f i i t« aotttttoti «ef« «ad«li «<» tti# 
m^w^Xm ii»ttttt«ia Ct « t ) @oi9 tth« «txtar« trft« tt#it«ll « i « iit«att liatik 
f ^ r t$ « l i i» t« t , Af l«r «d«l l i i i f f t ««« trai i f ferf«d to @ @$ t i l 
iml«n«trie ttmm <iis# ^t l i i t«A to tfe« wsrfe iritfe «dt«r to tati# 
a1ieorb«tto« At TOO «« ogetott t&« %l«iik« 
(•) l&»t»fiittB«ttoii of «t l t««t ©00 o i l l l l l t o r of tli« ottporoataat 
l i oo ld ««• m%im^ «tt& 0*$ « l of o 10^ i»iiiMMiti»» iKilyt^&to oolitttoe 
eo l^ 0«l Hi of f f t % ^ | | * l^t not Sllotod 10 25 n l oo<3 tito 
«btof%ftiioo of ^ « ooton? dtvotopod w«« ttooeoroS tomodlotolsr ot 
%80 Ml (!$)« fol i lo H swMMrtiMio the roootto of tho Sototailoo-
ttono* 
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tnmt^ 
2 ff WKk» 
% W PJO* 
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nmmt Vrm»%wmnt and e»wm» trraatntloa 
fti» «t0t«rtat was given this li#J*t tf^atneiit try puteitsi^  at 
a aesfre<! tempevdtar^ (100 to 600 0) for one boor fo e miffl«» 
fotnmti* after oooltug to ^ e roon tts^ratiire i t tvats et»l>.f«et«il 
to f«irt!»er tttt^teo* ror irf*»4tatloo et«aft t!i© wst^rlel wa« 
ospof^ ed to i0f8»Ei f^aiettoa® (totot 6oe« rntrntng froai t x 10 to 
5 31 to reat> »t e «o»© rot© of O,*! If ro<lfi/b osinf © ^ Co soureo 
and f«SO^ ae a ao0tis«t«r« 
Followtfiig etisites ««r@ o<mdtsot«d oa l^o eaisiptoe oM'*tii«d 
ofter ttse«« trootneiitvs 
t<»i«>o«ohaw^ o oapaoHy 
I t «a« eotttrvineA ^ the ooltftn prooeas a@ tsaoat* 7a61e Ktl 
and rtgnroa IS «i^ 19 aamarlse tHa ratnlta* 
Bltttioo •fftoiaacy 
fliia (teantitF for ^ e alati<»i of It^ fro» the t g oolcnm 
of tlia avobRiiiar waft »ea«oro<! io tanaa of paroant rale^ae (fi^) 
€l«fiBa<! aa 
i^ • JM. M 100 
"850 
wliara B|00io the ralaaaa of H^ to aiillioqotvateiita per tOO m% 
•ntf i^K0 ta tlio raloRaa of 9^ to iiillioqaiiralanta par 2$0 » l of 
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WOWMKMMUMMwitMMIH 
tftmmnHmmmmmminmm in ii • W M — M M W — — w — n wiiiMiii n II<«I)III»«IMII»»W««IWI»«IIII«IHIIII>|IM««<M>WI» 
BMiilniiniiiiiiiMHii—iwiiiiiii iiiiriiiiiiiiiwiM^wiiiiwiiiiiMwwwtiwwwiwiMW*^^ iiiiiiniiHi n mmmmmmmfmrnm 
*5 «»S0 
ta© «#30 
%oo d*%fi 
600 0»@(l 
l1f*T'''n''nr'n-rii'rr--riiifTiirrT-ii>niiitiitfianiii[iniiinrii^ iii mrffliirwwiiriwffinriirtfiii'iiwwiiiiii it-.-«iiiiw»j 
«0© 
im 
^ t t 
55#% 
t . f 
M r f r i»t>ite 
uirty «fett© 
BIrtr wtitte 
Wlltt© 
«btt« 
70 
120 H 
•J 8 0 
e 
e 
<0 
• ZrMV)arsenosittcate 
X SftUV)*r$*no$nicite 
ASb(V} t i i i c« te 
* Th(lV)pho$phosnicate| 
oCe(IV)phospho$ilicat« 
• Sn ttV)phosphosilicate 
J. ± ± ± 
O 2 0 0 AOO 600 8 0 0 
Temperature (*€ ) 
FIG. 12 PERCENT RETENTION OF ION-EXCHANGE 
CAPACITY OF VARIOUS SILICA BASED ION 
EXCHANGERS AS A FUNCTION OF TEMPERATURE 
71 
o» 
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FIG.I3 EFFECT OF GAMMA mRAOIATION ON THE ION 
EXCHANGE CAPACITY OF ZIRCONIUM A«SENO-
SILICATE 
12 
^ t •ftlmmt* t i l * volmMff (S50 Hi anfl iOO «!> w«r* ctloettd M 
tli« %»»tt of «lift «JlitN»rftiUim tik&t %lii» totfit r»!l«ii»« of tUft t!^ i t 
liff«6t«d tti 290 • ! of fli* •fflncat wlill« • aft^or aeomit (70*9<rf) 
t« r«l«»i«<! in tti« f i rst fOO n l * fbe tr«at«a •ii«^l«s w«r« ctttdtda 
for tHotr elatlcRi mftUtmntMi^ hy the «oIi»i proees* and tt)« 
fButtn aite Miamarisod In flgtirw* l i mod tS« 
jB tttrattong 
fli«y if«r« f>«rfor«iA for o i l %%e tdnpl^o t^ tbo vetliod 
aeitortl)«d in th& ptmttimn o^opter* Figtsroe H^i^ ®hm tha iiH 
tltr&tto» oorff» for tlie irartois« iti«r»etlK tre©tca fsliase© of 
o 
sslroooiiifi(tir) ©reimositlootv lihtt* Ftgoro t^ tllosirat®^ %fe© 
iTT-fttraticm oorveo for tlio ^mam trraatatod fietvplieo* 
rtgoroo 80 end 01 titootrato ttie ftofro reif mpwntr® of 
tlie imrtoitK •awplot after tti«» tioot tf«at««ot» en^ g&mm 
irraaiottooOf roofatoottf'olr* 
Ptotrt»«tto» liotioirtoti^ r 
fbo f^ rmtm* for alkollno oorttio voro aotomlnoa oo 
ostml on oi l tim ganne tnvdiatod OCM^IOO, yigtsre @0 ofsowo 
tHe rotolto* 
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no. 14 EFFECT OF THERMAL T«€ATM£NT ON THE 
ELUTION EFFICIENCY OF ZIRCONIUM ARSENO 
SILICATE 
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FIG. 15 EFFECT OF GAMMA IRRADIATION ON THE ELUTION 
EFnCIENCY OF ZIRCONIUM ARSENOSILICATE 
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nG.16 l>M TITRAT«OW CURVES FOR ZmcONtUM 
ARSENOSItlCATE HEATED AT OiFFERENT 
TEMPERATURES USING LiOH /LiCl AS TITRANT 
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FIG. 17 PH T ITRATION CURVES FOR ZIRCONIUM 
ARSENOSILICATE HEATED AT DIFFERENT 
TEMPERATURES USING NaOH/NaCl 
AS TITRANT 
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FIG. 18 l>H TITRATION CURVES FOR ZIRCONIUM 
ARSENOSILICATE HEATED AT DIFFERENT 
TEMPERATURES USING KOH/KCl AS TITRANT 
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MiKtmoUtof OH^addtd 
FIG. 19 EFFECT OF GAMMA mRAOIATfON ON f>M TITRATION 
OF ZIRCONIUM ARSENOSIUCATE USING NaOH/NaCl 
ASTITRANT 
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Ca ( ID 
Total dose absorbfd ( r a d s ) X < 0 ' 
riG 22 K(J VALUE AS A FUNCTION OF THE TOTAL 
DOSE OF GAMMA RADIATIONS ABSORBED BY 
ZIRCONIUM ARSENOSILICATE.IN OMW AND 
HCI04 MEDIA 
o OMW, • O . O t M HC lO^ f A 0 «M HClO^ 
82 
!i«0tli8g tb« iiftt«rl@l itpto 80d G I t lo««e I t l«@»o* l»y only %^^ 
an Indlonttid 1^ Tii%t* xlf • ^ o o ^ a r i s ^ witti emm oltlen tantd 
Ian ms»hm$^m (Fttoifo 16} lii€il««ite» tliat fli« i»ere^it i^tcrntlon 
I D tli« i*e«fi« <ftf slreimtQiiCtir) ar»«so»lll«®t& Is «ppr«Qle1ilar 
Itlgtieif ttiau tfe« 0tti«r iiQt«fie&« df ltit» elasft opto SOO e« fli« 
«ltiti«m ret<i ele<i toereotce for tti« mm^tit ticoted at e liliti«r 
temper»%'am C^lgom tli)« fli« tttetwal tre^tm&nt QS»O #ffi)Ot» 
^ « l^«tttrc»tioii tktiiavlmir i»t t%t» ti^tertai* t t lieo«i»es ttimo* 
f«m<»tt0ii8l on fci«fttliig i^to ma end IkOO C (rtj|arft« id»l8)* Hd 
9ti0og« Is hmtttmiT d^mnfH In tli» fn ep«otra <m DeAttng opto 
800 0 CFi@er« @<l)9 mti o%«ervatloiit nhteti iiir«0 a i^ rolMiMe 
explfisstimi r tgardl^ tli« faet tliitt tti« tit»t«d ftoa«4i« tiioir &n 
i f f«« t of gtmm Irmdlatloii a|>t« />^  10^ ra<ll« on soiM of 
tli« pli3r«l0«i »»<! l<iB»«sotMiii«« prot»«rtl«0 «f ettec^lmiCff) 
art«iio»lll08t«9 sneli •» «p]^«r«ne«t oolonrt grata «t«»t br i t t le* 
ot»»t t*t»o«» •lutlofi ItHft^ftar^ 1^ vitlti9ii 9tn4 |il t t tmt i« i i ! • 
•uawirisvd io f«bl« Xfff« Ko e^aiig« wa* oli«tnr«<l In ftnsr of 
ttiont ]iroi»«rtl«« liy ^ l « «<»••• An ltiar«fl»«d do»« (ii|»to 3 « 10 
r««o) vas tlion gtircii to tb« Mtoriol t ttio tffoott of wiilob ore 
«iiiHwrlsod tit Ft<«r«« 15 mn6 15* fli«oo flgorot tsdioato tbiit 
83 
Propcfrtr ttnai^d OIkservQttoa 
1 . 
s. 
5. 
« « 
5« 
6* 
?• 
Appeeraao« 
OolOQIf 
Qratn etst 
t r t t t l eee tg 
toii»e»iti@iii9 oepfi^tt^r 
filtitiot} fMHiairioor 
Dtfttvilmtioii litt^iiiriMir 
HO ebsAge 
Ho «^aas» 
fi[o ob©»g9 
Ho otiange 
Ho oiumgo 
H9 etiQiige 
1 ^ irotit«s of alksltne eertb 
8« tafra rtd speetroa 
9» in-titmittQii 
Ho o&aag» (l^ igwro 21) 
Torr oltfiit otiaag* (rtgar* 19) 
84 
tli« iMit«ri8l t« iit«^ly irft«l«tfi«t to gttMHi redisitDo* A* far «• 
tt« ioQ««xoliaai» e»p»eity asd «liittoti li«tieviotir dm eone^fii^d* 
Ofimite r»ein9 ar* ]f«port«d to ttntfoffo ^^ f j ^ loto t» t1i«tr l*««<}« 
on imeli a tromtwiiit (toK Mwam no •l^pr«<iiiiMo etiaiig* li«« hwn 
ot»««nre<l tn tti« Infra t9$ wpeotre of t!i« trredlatei iHi^ p»l«o of 
000ltlP"l'4Nl« 
lH tttrfitloo Gorvoo^ iiovoimri itidloato n ohaiige im 
lrf»aiiitlo{i« f|}o toorofioo in |S? to efiaiq^or oo i9io trrttdtotoA 
oaitplee then mi tHo ^oiwal ooo (ftgoro t$)« 
Motrttiottoo boteoirtcHir a|)t»oer« to t»o offootoa oo 
trr@dl0ttoii* Ttt« 1^ valit«« Of tDe four otiealtoo oorttio tnov«oeo 
»tti} the &Q96 aaKNmt £tv«9i to ttio witortfti (Ftgttfv 29)* Al0o« 
0 roverool to 1^ iralito* I t ol>9#nrod* Oo trrndtatlon ttte iMtorlat 
^ov« on oolkniiOia o^Morptloo for tho olkattoe oortli a»tBt« o« 
«t*t<»»t tito oorwl o^iqilo v^ieh hm low i^ volooo io tm» On ^ « 
Ikaolo of ttilo ot»ooirfiitto» « oopof^ttim of 8o(ff) frost ttto otber 
•lltaltfi* oiirtlift oao %« prodtotod mi an Irroaiotod oiuiiplo of 
i l f«oii iwi(ft) ortooooiltooto* 
85 
I* T»ln(m«» mai.mm*Bm»Spn^^ ^ 1316 (1963)* 
2. T«fiioa«» ibitf, |§^ i3S% (t9l»3K 
3* 0*ll«iiit»tin, KtmtntrgtVt £» 173 (I9£3)* 
* • K.T,19ar«oli<»tra end O,lt*t«dtoii»fii, 8fiaiiiimt«tra« JJt, 295 (t978). 
f• li*Oo»»« PaSetioekiiii, ir«fXiie»lii«eti» tftT.Baettle ttnA lf»D*t)OQt« 
6. S,«l.!!iiy«, l>.tSiiy« ««« t.»lt,0»«t«lc, 1M«, l^t *3*7 («9?0. 
7« C»8fAarislil®tt, •tnortaitle t«wi !!«ote»g©r»*, El»»vt«r, 
©• ^,a#8t{ig^ «»« 8.H,fsodoa, (r.6adioQiiai«Che»«t k9^ 195 («^79>. 
9* C,n»Amphl%tt^ pro6*m6 tfitefii«Cotif«P«8oefti1 uses of Atcwte 
tttcrgyt 0«tt6vay 2f 499 (I956)« 
«• 257 («97»)* 
11, ^«S«6I3L1 and S*»«Teii«o»« il)l«» Jit 379 («973)« 
ia« t4*%ilGk»» t>»ffielrt«ef ^•Mtnii end A«i{iileiHi« J«fii<»rg*Haol«Cti«M,p 
2 i . 11*7 (t97%)» 
13« 4»lf8th«v» 9«19«Tttiidoo ««€ ^•S«Oillt ft»dtoclit«»R«Ato«fiat»I>«tt*, 
20, 3« Ct977). 
irol« Sf 3rd od* !>• %%•, ?«» Hoctmiidt f»rltto«toat !l«« Jf^ rtar 
(t959). 
15* B«»«s»Ad«ll» <»Oolorl»etrio B»t«r«i«fttloB of frae«» of ll«t«lo"^ 
Vol* 3» p* S8S, ItttortetfMOf Now Torle (1959)* 
1€« W.y.ioott* *SUBd»rd ll«tl}0d« of Chwatoftt Aoolytl*, 3th od.^ 
f« 803i • •» Woctraiid, How fork, (1939) • 
@n&pfB»mtv 
- I — — W m i l i inmiliril IIIIMi«pW»«MII«WII<<«ll»»rl»l»»<«l«»l»llll»lllll«>lill««llir!Hlilllllllllll<^^ 
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rot* til tli«lr a{ipli«0tt(Ni»« Altii<>afli —w^smt pftp«r» ha»m •arllor 
%mim pa%li9ih€§ in flit» ft«Itf Q«iiif mm%% tsmum tmntfttm&t 
t«ohiifiSii*« Ct«>9)f til* i<Ni«#xoti«&i* t««tmt(}tt» t« no?* tt««fdl me 
i t 4|ive« fei»t ««^ieriiil4iit «f tl^ « lootn @p^t«ii fire^esit* Um^miveit 
mneh <itiiiite jbaip* %«eii «ad« mo t^ljr <»!i Dingaale »»iitii« C6«7) 
iir»mmtlt»i3tm ptmrnrnmrnM m mm«ipt§Lmiottr gnwS cfe«isl«ol statitiltr 
anfl reprodmittitlttr a« <«fiertl!»«i to 0ii»pt«r*tf, ^ ^««»tl>ilti9r 
f>f oslfig tlit» iiet«rtal tor tli« i^«iitltattv* mmp^wBttm mf «#%»! 
ioB* fro» mmm sai^ i^tft* « i minirfi aad rmit» t» %«tttg stuifittd 
in t h i s «liii|it«i*« 
87 
Alt tii« r«i&g«iit« »wA i^««iealf» mw^a ir«r« of Aselafl 
grade i^tntaeil «itfe«r tmm the 0«t)«ii«riM»l« (ingtaed) «r 
E .befell (r»{inMii@#t), 
fiistnifftMitaltiNi 
w««-pil |HMM«Hi|M 
f^rifuso @le{i«iit« |if«eeot in rdet» m^ aBll<qr«« 
AoatyBtft of tli» Sitirptgg for Iriai sm^ Atuminttm 
fli» ft«iidnr<! folottoBS w«r« profnired o@ followoi 
^t te i i t to alloy »^iylff.f 
ir«r1o«t «otatlio »oliitioit» voro wtiiod 1» oertstn rot lot 
to tli«t t l i ^ oof«««|^fid to ffeko laotiiat notallto proporttono !» 
ttte otoodarta olliqpo* 
.Hoot —j^loii 
f^mir a l l l i l i t a r a of « 159^  Heoa ooltttton noro tiootod to 
» ltl-oniot1»lo imttl Meltotf 8«a t1i«« fii»«« wttH too «c of ilio 
rook oawnie for $*6 atootoo ot dolt r«a koot (^600*0)* flio mtt 
88 
«•• «i>ol«<l •»« 100 m% «f tm Wits a«AtA» httmt k«t|^ tfi|| »v«fiii|ttit 
«li« ItfiitA ir6» ireast«iv*4 to ft 1 l i ter voiti»«trle tl»9k 
eoatHmtng 40 at of iff Wit m& tiie votcmo tmtf* iii»to tft« Merit 
wttli I»!W» 
B» s»fi@r®tt€ii iiirti d«t»fiii«ettiwi of f«Ct:jitl &,m Mtitut) 
two gntiw of ttm 60*f<IO laosti @ta«a fMirttolot of tb« 
lo» ©asotiEu^ iir to fi^ ^forii w©r« pselroa In © glnto t«t>o tw t^ng 
611 lotoffBal aiotmtor ^ 0«^ on aiKI ftttoS trith §lot8 wool ot 
tli@ l»otto»* i^m anelyoti 1100 perforpo^ a@ followot 0*S to i til 
of tti@ otOGlr oototioR w&Q 0vmp&f&%is^ to sli^isl N^f|nri^ « ti» ron^ro 
tlic; oieeo0O oold« flie rosiSoe i»iii» 0i9»&%?fe6 ia o @SQS1 oacwRit 
(^ @ «it> of WM viHtoli was ^en optlle^ tm ^sm met^m^ew etAmm* 
h%% tUw mtmrntttB oxo^^t ^1 cad r« voro oltttoH out vitli WSg 
(mmtwrnm ^mtmm roQotroA ^190 s l K ^1 ond l^ o ttore rooorerod 
fro® the eolmao with tn SKO* (wixtwHi •olomi roQolroA^ 106 a l ) 
• • tt»o olootitt 9 ^ <|o»tttttotl«t doterslaatloii of tlie olciiMito 
wo* Aon* ^ otoirto a%»or l^oa oipootropltotottotff« 1%o o^orvottono 
fro •a«Mirtt«a in fol»loo XIY onA if* 
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flM •attntl i i l f#««ar» of %%«wt •titdl«e te to nee an 
titot«iitilo 100 violanagftr for tbo 9««tr»t« of 80«» all«r« «BA 
stlteeto roolm. ttre<mt«ni(tir) ereonoiillteste preforenttalSsr 
lt«l«» tilt two ion* flMMlr AlCtff) @iii P#( I t t ) m pototod m t 
in eimptor^Tt • flito itropovtsr li^ tf I»««B etmeastfelitsr otlliietS 
for tb« utttiitttottvo oo|i«rottoi} of M ( f t i ) &n^ FoCit?) tn wmm 
ollogra @»d tttteato roOleo* iriieii a eototftoii of tlieso oanpteo 
(«3mtti0tlo or f«at} t« paesoa ttiroqgli ttio too-oi^eiigo eolcnn 
ifith a vary alair rato« only Al(¥lf > anA FaCttt) ara ratattiad 
Bn& otltar^ ore Of^iplatelr asietfli^ ad %y tfe© OOI^SR ©tiaply in wm^ 
^ey are tlian atottA oat in Iff !!IH>« CfaMoa SIT end Sf K Tlta 
ffiatlidd ia Qaita alaiplo and raiiutras mtoti laea titae aa eoaparad 
to tfec olaaaioal «attiod»ft tortliariKirtt aaite a large ouiiliar of 
aaiaplaa eoa lia analysad aaiii§ a atogla ooloae lieenos* ttiia 
aatarial baa atiown as asieallaRt raproinei^iltty in tta too* 
aaotiaiiga lialtaviofir ana t ta toii««K0lin«ga eep&oity to not affaota4 
avail aftar aararat raoyol!a@ pi^ »ea»aaa« Staea sireoMtwiClV^ 
araaoaailioata hm a liigli i^ faltia for HtCtT) i t oottl^ not %9 
mtmd for tha aaparatten of iron in ttoa ntofeal ooittaitiiog atatia* 
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mmmmm 
limminiiii I i—iiil»»i«» 
$• A.n,Vlot9f «»« F»tf»Stwloif, T«la»*«, |8^ 207 (19St), 
7« fr.T«tftuo« ll«tlt««qntict, IC«TMIO «a<l f*Chtisot A»Al«€!!it»*Aet», 
9%, 275 (1977K 
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AnnlfiM ftf aragt t t teporteiit 1i«eiio«« e ttltgbt v«riati<n 
ta tliftir eoiipfwtttoii m»y ptttOoo^ & r«d«K»«a tttvi'ei^tttlo ttft«t«ii«3r. 
awtelllo too* ts 6»««nttal for a«t««t«if)i tlio aottial Qo^ntltr of 
eneb fto%#t6iio«8 0i^iliil»1o in & givrnt fomtil@ttoa* Ofgento n»0tn« 
have been titilt««^^ 6y ftortiffoti et @t» ( f ) to 8ei?srat« teetallto 
fit?«ot0f froBi irartoe» Hmlttvltoatfi pwiparsttoo© prior to tto©lr 
^if^terelnetton %r etonio el»»or{>tton iip^otropfeotoiaetrr* Antaoids 
Qr« oomisoBlr ot»ptogr«i in $i@tt«iit« of p«ptio oloert Gt^ rotife 
S06trttte» p9|>tio ooftoptiogltAo ©nisoetstoa wtUt lilotfi« ttoimta oto« 
flooeotty eoop«r ot 6l» (@) lioiro gtirmi & potenttoatetrio ttfttHod 
for tti@ 4Si&t@m)$xmtt«m of olimtfittiis tit ottteolSe UBlmg & floortae 
©l««troae« Stooo «if«o»l«»i(t<r> eir»aio8iliOQt« hm Bhmm 
•steolleiit totiHixoliSiogo b«liairtoiir (Cfeoptor Tf)» ttio i^roetnt 
ohspter stamarttoe oar of forts to oee ttilo ttctertat for the 
nuaotttfittvt •ofiarottoB of olsmitiiiim »m tmeete^ttm in 
eoiiserololly avatlc^bto antooK! fonmlatlcnio* 
95 
All tto« r««ffi»t0 una «liMiteal9 vtre of MsleS grns^ 
Q»% tdl»lft/S Ml of tilt entaeia fi»PHut«iti«ii wes dt««olv«<! 
tQ fO m of oimo, imt «ii^ dllfit«i} to S90 K I vtttt I)Pi^ » Hue t»t 
of tlito oolotloo was mmpoto%«4 to alsost <lr3niefts and tlio roctaoo 
wan tokon l» /*s^ l ist of BW* 1 * wae tm&e& oo a ooltiao oootatolng 
t S of «ifO<Mitit»Cw> 6pt<mo(it1feate to o gtoto totio of ttie 
tnttroiil <ll«i!stt«r 0,€ «•» ftttoiS wttfe ttie glofs «oot ot i ts 1>ott9ii, 
l^goestoMiXt > W0e olotoil out wttt} |g^ and iilo»tiilott(fYI > wa« ttien 
r««ovftd i#itti i If BUO. iflitolkt «limltanoooslf» ir«geoere%e» ttie 
ton o3g«i}eosor« flio rot« of flow W6ii sfilntaifioa as 5 tol/nlo 
•RA tlio oolt«oto4 offlototli (too s i ) novo 0iial|r8O<l •olniiotHoallsr 
wltb tmA for ^ o |)r«t«tieo of iRotiil looot tlnt> tuotilto Wlog 
•itMMirt««4 to tfi^lo I f f * 
¥o oonftm tbo miltHltir of tlio prooo^ Foro vorlooe oolottooo 
of •yiit%«tt« vtxtoroM ooototolnt AlCtll) «od lli(tT> w«r« patooA 
tbrotigli tito oolitMB* «sA ttio «i«t«l« voro olotaA oot «• aotor t^ i 
«lioir« wltb tbo rosotto flboim In f«%lo Xfft« 
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••HIMil I •! iiiiMiii "I I MM—w—iimiiiiiiiiiiriiiiiiin] vu»mmmmmmi\mimutimuimmmmmm0mmmmmmmmmm0m»mmm 
Ho* (Mi) (iei> 
mmammrmmmmmmmmmmmmmimmttiimmtmim mmmmmmmmmmmmmiimmii*i>'ii'mmmimmiimMm i -r lT-[ i in- ir ir i i i j n n i i i i 
Al »l| Al ^ M M^  
1. $fS 60 e7^f 5f.« •0.50 -0,33 
8, t3f 120 135 «t9*0 O •©•17 
3* 370 S%0 
%• 403 360 
5. «7S*9 %80 
• • ' • • • • • • • ' • • • • • • ' I W M t l i M l l w i i w — . M l imnmni n i a I li il 
»7»*i 
%06,5 
%7%.% 
230*8 
36S 
*i7»9 
40»%S 
40.37 
•o. is 
-0.50 
•0,53 
-0.50 
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gtSOPSSIOII 
f l i* pmpo9m6 wmth99 ! • 6 mmt and «tiii|il» anvlyttent 
approecli for tli9 mrtal eumtfBim #f aotaeta 4nii«* Stitsoiitiiii(rr) 
«r»«ao8ilidfit» f« biglklr •#I««tlir« f«r At(ff f > <Cli»pt«r«>Yf)« 
nmm» tt)t« amttrtiil liat uliflim •ppttonilfm f«r tH* qii«iitlt«tlip« 
••liiimttwi «f AI(Yff > «»d lig(fl) til «iit9fitA« a« lii«tcsil«<l hy 
tti* f««iitf« coMMiytwsd la tsl»l« Xini* 9tt# anals^tt) of »yntne%t» 
Mtxturftt oonflrm ttio oiittofiHBtofr wtni^ing of t ^ {nrooedoro o® 
Ittdtoatod by tii« i«gr«« of oooaireoy ot^ talmoa (feblo X^YI K 
Stiiee isin»miiM(tW) orvottoeiltoot* gtvoo roprodootble reatilta 
fl»6 tlia altiaiita »«ed ara oaaltsr a*vall0t»l«c tli» vattiod 0011 tia 
a6o{)tod eafaly ea a stii^ta atti ooiiirant<»fit out* 
99 
wriftiiK^t 
1, J^w»ftkitih and a,tTH«tMert micriHSlit»»Aot»» f|, 511 (1976). 
100 
too •xetiaog* 1itn«tlo» i » taiwrttnt for tli« ««ono»tc 
mnH litdontrtal •nplojmtiit of tlio toB^^set i^inge notorfalo* 
Mthouifb ii largo Ofiatjor of tooi^&ttlo ion oxohecgers f!ov@ Doen 
proporod oad otudiod, «li« oor l ier opprooohoe for their titnette 
ttntfr (i*S9) «i« liasod on t l i * old •S^ ortterton* (SO) vhtcfa to 
ttoofbl only for tooo tiovlog o ia i lor offoetiv® diffttsloo 
oo«ffiel«ot« l«Oft for ttie tsotopto oxeiifiiige proooeseo* to ao 
ion-oi^shsiige ptioiioeeNnioti» bowovor, fbo fltixois of two dtfforotit 
ionle »pttcl«8 ore ootiplftjA Into one oootftor (S t ) , @itd, tboroforo, 
0 atnglo <ltfftteitoii ooofftetent oamiot 6o8Qrl1>o tbe aotuel prooeso* 
ftamet riaocti ofioatiima (2S«>Sli) shoul^i h& ooro opproprlate for 
eaob Qa««a, fh la chfipter» tberefore» RtwMkrtees uii ©ffort to 
apply thoat eqtiQttooa to detorsloo tUm n^rlona ^ttietto pere@otars 
on an tnorganto lon-axohange ©aterlol* gfr©o!Ejl«©(tT) orscno-
$ l l te« t t Itaa l>ean »«l«ote<l tiaoatteo of I t s fa t r l y goo^ 
atattilttjp. raproftuolMlity and applteabiltty to tbe cnalysta 
of •asm roal aanplea (8f«>S7)« 
o o A r f O d ^ f z 
101 
Ail tbe r«ag9iit« and olieiite«le ntied tn tl)l« fltodr v««^ 
Seethe nenamir) osd E»lferek (Il0s««tedt>« 
fafttfiaaetttattOB 
irert (^ ftos of ^ <l«@ C »@o iieei tQ tt}« «Qt}lltl»rli»i •tiidt«»« 
fti« is&torlot «o@ groosd itett I D ord^r to @iv«e purtteloti 
of different oesti etee@ (50«»1^ t TtWlOII aitd tOO»190)« Portloto» 
of ummt w&dtlL tSS mi (SOMTO atvii) were g«fier8ll:f iie«d to tli« 
pi«»etit etn&y iinl««e ttatttd otttenrise* Fraottonn (20 «1) of 
tlio attal too solottooo v«ro etaoitea vttti SOd «e of tlie osstuattger 
(ft^i»foni) la 9&W9r&t stopporoA eonlool l^aslto ot tlio dooti«<i 
t««p«rat«f»« (SOi 30t %5 «>aA 60 C> for at ff•root t t m tstormto. 
flM oupomiotfint tt^tttd ««• roaovoH tanodliitolsr mi<i ttio tfotomlwi* 
tloBO woro Motfo • • oitiAl t^ SUVA tttrotlono* Maeh oot « • • 
rofHiiitoA i tx tt«o« sod tlio «•»» volaot novo takoa for fofUMr 
•ftloiitottono* 
102 
*||t|M|HMW«IMMfMMMIMHWMM» 
A htglb tt«tel too eoROeotratioa* r»lDtlv«|y terg* 
partiole 9lee of the oxotieager niid vtforons vtiaktoi; ore tbe 
l^aeio oofidltions for a p^rtiele fUffoelon oo»trolled oxehange 
{)het}o»eti0«i« iMt^ ler thmtte oonilttione tbo frootltmal ettatnoMsnt 
of eqottl^ritiffl V(r) «ey <^» expreeeea e« 
|.# * ^ tbe ftwooiit of oawifaBngo at tfw* t 
%h9 etaouat of esolieiige ot taflolto t l»e (oqtitlttirltni) 
h plot of U C T ) vercu® % for Wi -B omoliiiiig© (rigor© S3) 
todtootee ttiot ttio fraottonot Qtt&ltmmit of oQotltttrloa ie 
fetter at o lifgfier teoperotwrw, so obsorrattoo tmoiogoot to 
ttie otiior eatorlel® of tttle eloea {14«19)« ¥t elso uliows a 
rapid tot tint optcko of S||(TT) tooe ^te l i t s statler to ttie oo© 
reported try ffettcier et ol« (S8) end Smiat et «!• (10) for ttie 
exotiange of oattooe oo tbe B^.fores of elielottiii reeto Bto* 
oheles-tOO eod toatetfiv sreenete respeotlvelr* A etaitlor 
otteerratlon Haa^ lileo tmen reported oo ttoe oliroMtiHi ferrooyaotfle 
gel (19) for tHe eseobaoge of emtse eoeiplex oattooe of ool»Blt(TfT)« 
nowevert tli@ obeervattona maOe br Torae sod Rteaaii (89) for 
tbe Ca *" oad Wg ^ exobsngee on Oovex A«t are eoiitraty to our 
f tadtoga* 
Altboogb tbc» preaent ayateai relatea to a "ftotte aotottoo 
volune*' oofidttton^ It mky be ooeafderaS to follow tbe "Inftotte 
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»ol»%10fi "rolvm*** «onMt ion (21) !»•««»•• CY » CV «rhero C an^ 0 
• r » the iMtat Ion oanoentraiteaa In i t ) * nolutloti mnti 9xehiini|«r 
phaM« r««rfl)«ttT«lir» ma^ l V and i «re th« vol imt* of thene r)h»9io«i, 
fft« ff«ni«t»l*li»nolr «fQ«ttoiif» o«n b# Rolvod wttl i sow* adift t fooal 
atRtiwptfoa* (21) *»ti<ch are valf/f fo r «» tnorfsnie ton excHiineer 
8P thti tmmllini^ obotiKOft ond Sfmefflo t t i t«ractton« or« not 
a1«»ti1fl0f»nt In tttitt oii»ii. A* )^* ro«ult we obtain a ooup1o<f 
Int^rrtlffualfwi coof f lo lent T>^ ,^ th« T « 1 U « of whl<«j dopanifs 
on tho r » l a t l v o cooeontratlona (5^ ao/t E^) of the ootmter lone 
•A* aa«l *n* |n the exctienj^er plmm. For C^ ^ << C^^ , the 
lnter«'»1ffwelon oooff lol f 'nt eaeniiiea the •««1ue P^, »A» botnn; t^e 
ootmter ion I n i t i a l l y preaent In the Ion eseh@ager phaee. 
!^lnoe In the fireeent atuoljr tho exohenger to taken in the 
f5*«for«, P^ wmy he replooe<5 l»y i^ »^ 
Thoe, on the haeta of the iVemat-rianok oQaatlona the 
nofBerloal roaolta •on ho oxrroaeod (30,31) hf tho o x p l l e l t 
ar»t>rojcltBatioa 
1 
(1 ) 
t 
«hor« "T S —g— 9 
M ^ t l t t j r vattot (X B « ^ , r^ « pa r t lo lo rodloa •»« C^ t« tho 
105 
tutaratfftittcNi eo^tttisUnt of the umtBl ton. ihNter th« 
«<Mi«Htoa« f £ (X < SO •«« tti« e!iflri« m t f o , %/«j^ • t / 2 i^toh 
»r« f i t t f l l l«A tn the T»r«8»iif «««•«, tite ttir*e fnoetfonfi f - C a ) , 
f t ( O i ) • -
0.64 * 0 .5€a*^*^^ 
fa(cx) 
0,96 - 2.0 a®»^^'9 
0.27 • 0.09 a •^* 
Koch vnlu* of WCT > w i l l liave f oorr»»r> i^nr»lng tralue of T vhtoti 
t« <iilit»tii«<l liy solvtof •qtttttl€H3-(t) liy tb© grap!ilci«l fli«thQ<9. 
fli« oonotiitrattoii «ff«ot <m the ««oti^ti1»«i of exoht nn«i wa» 
•tailleA at 30 C %y taking dllff»r«fit sa t '1 ion ooneentratttma 
(O.OSSf 0.05t 0*1 ana 0«18 ff)« Ttia't • • • t filota (Pignra 2%) 
• t tha «at«l tofo noneantrwtlooa a^O»t II ara atri'fgtit l lnan 
l»a»atni ttiroafli tba orlfttn, tlin»t oonfiraing a pitrtlela l l l f faaloi i -
e antral lad «rahanga. Vtia alopaa (^) of tHaaa plot* (Flgnraa 29-9^) 
for ttia Mioliaiiffo of a l l ttia »atal tona atntftatf ot a oonoentratlon 
O.f II ara awmarlso^ In VaMe ItffTf • 
rtea fiartiela otaa hB» a varkati affeot on the rata of 
o 
a««lianga. A plot of 9 va , l / r * (Fignra 28) ahow^ that tl)# rata 
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fSLomn (s) qr Y v ^ » w*ogg ro» THE METAI. iciMtd) BicHAiwais 
qW Ir(lVl ARfiEWOSttlCAfi 
mux tm 8 s i o ' (SM*^) 
•soli«iifii ic ' '""•" t I i 
vltH H(t) g^ »^ 5 j^^g ^5»g ^ •^j 
CaCtX 
8r(TT 
Bo(ft) 
mitt 
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CHI(tt 
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i . o i 
n*3 
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l . f i t 
1«8% 
t*«o 
t .55 
3.96 
s.Ti 
s.ot 
t .79 
1.73 
8.%8 
e.09 
2»1« 
9.08 
1.88 
%.4S 
4,90 
* .35 
5.59 
B.i7 
3.S1 
9.*5 
2.83 
8.9S 
8.«» 
9.8€ 
11.1 
7.90 
7.20 
8.86 
4.S8 
3.99 
3.«% 
%.5l 
3.88 
I l l 
of i«oiiiaiig« il l inymnnly proi>i»riloa«l to tii« fii|oor« of ttio 
portlot* r«Ala«« » tvmUffWt^mtBl Qtm^Him for e rtartiolA 
<flffoef<m*oootrollo() fihtmtmumtmm 
file s Yr»lw#fi (Tittilo Wftt) mn rolnted with i^ ^ ao 
followot 
V ' o ^^ > 
file Tulooii of "Itm ^1 obtaloed liy thitt ofiiattOD tr«r« fvlotted 
agtnlnat 1/T» Strntght 1lw»» are otits^tne^ for a l l tti« mital ton* 
stndlad, aa shown In Figuroa 29 »iia 30, Juattfytor' the iralf^ilty 
of tli« Arrltatiloa ano^tloiit 
i ^ • H^ oitp (-Bj^/BT) • • • » • • • C3) 
Tiia i>ro»«xfHNiaatt9l oenaiaata CD )^ v^f olitaleoa fro» tlia 
Intoroepta of tbe Itnoa an^ the TAinaa of oottirottot] on^rgjr (F . ) 
woro oaleoSatotf tuf tlia oao of o<i««tioB- (3) • Tlia ootroptaa of 
aottirattoii ( A 8 ) war* oMatnotf tjr aoteatttatiiii tb« 11^  valaoo 
in tlio follanrtof aooatloai 
©^ ai 2,72 « ' W/h asp ( A8*/R) • • • • (4) 
lAoro k OBA % aro tbo Boliiaaiia and Planok** ooaataotat d fa 
tba toiite j m o «tat«iO« taitaa (32) at o«5 •»§ * ! • tha gao 
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ooiMitAat ttniS T t» tnliett a« ^TJ K« Vb« VBliie» of 1& , ?.^  and 
A t mv9 »oanfltrls«<l In T«l»l« X f l . 
« 
As T«1il« XTI tndtoti««s tb« AS valaet orv • « • for tl)« 
•vohasite of 8llcf«ltii« onrtht tftiieli wiy t»« auo to tli« d^fonMitloa 
In tho iA#(rM» of the «atrtx l>«O0ue« of the Introdtiottoii of l a r fe r 
ton* fa i^laee of the preirtoiiiily pr«««iit fl^ ton* ta the iNitrtx* 
A t^lwllor h«havloiir hoe ol»o b<»eo ob»enro<5 • " r l t e r for the 
e3ceh0Bge of Oo(fTt) awtoe ootB t^les eattone OB ohronliM 
ferrooyant^ff© prel (19) , f t l» nleo epparent fron Table XTH 
* i 
that th© fi^t ^- ^^^ ^S <<mliN»« loereRae wttti the i^aio redft o' a 
of Alkaline ertrtha f»n^ Aeoraaae with thetr hydrated tonte ra<^tf, 
a nortsstl behnvtmir obaerr@«l for the naterlale of thtfs oleaa 
reported ear l ier (10»16,19)« An Intereatloi? feature of oor 
sto^tae ta the Itoaer v^rlotton (Plgore 51) of K^ and Af 
•aloea wtth the tonle radttf hydratad tonte redit and wAit l l t lea 
of the alkellne ei»rthay a peonller behavtour «4itoh ban n#>inir 
bean obaarred aar l fer on any otliar • a t a r l a l . Rowav@r« the 
e^ and A8 valuaa for tha varlona tranatttan Matal tana atodtad 
do not have a daftntia irand aa far &• the i r variatton with 
the ionio rad i i ia oonoemad. t t nay be dna to a «ora diatinot 
irariotiao tn tba ionta rad i i in a part teal ar group than in a 
period* 
1 1 4 
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(oKic radiut Hydr4ttd ionic ratfiui ionic H>«k*iity 
inml <nmJ «m?V-N»c - ' lO* ! 
FIG. 31 VARIATION OF Ca AND AS* WITH IONIC RAOII.HYOKATEO 
tONIC RAOtI ANO IONIC MOBlUTlES OF ALKALINE EARTHS 
ON ZIRCONIUM ARSENOSIUCATE 
1 
*5 \ ^ S c ^ s^  I f I 4 ^  
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e 
I 
S 1 
I 
^ % 
i I 
I V 
M. 
m^ 
l t i ( « S t f t « S K < 
ffstifcigas 
ihffi ih fsp matpria ls bnve shown HppHcotlon for the 
r|iinn<1t»n vp sepnrntlon of A l ( l l l ) nnrt Mje(ll) In 
nntncli^s ns 1nrUc"te(1 hy HIP pxce l lpnt ipfitjlts 
ohtntnprt BS fiummarlrert In TeblP 1. Thp atmlvslp of 
syntl iptic mixtures oonflrms thp snt i sf nr t (»ry horktnj? 
of thp jtiocPrtiirp an tndlcatPrt by thp rt«»;»rpp of 
accuracy ohtalnert (Table 2 ) . As the Ion-exchange 
matp i ta l s usprt plve TPprorturl ble r e s u l t s an/t the 
pli iants usp»l Pre e a s i l y a v a i l a b l e , thp method can be 
B'lDptPrt snfpJv as a morr simple ami ri)nvpnlpnt 
a l t e r n a t i v e to the p x l s t l n s ones , 
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M I Ml "M "1 \iJi' "ni II' (I I I M niMii ', 
P I I <M t « » I) ii'5(> l l ipco tiint<Mf"l<! f<M tliP ()in>nn Mit 1 vr> 
.,<»pT r H I • rni «f n I iimf r)1 urn "nd mnnn''«1 urn in !»"m»» 
r' lmrwK'lal l \ ' n U J n ' t l n -in»«iitr' f oi mol nM onn . 
{•.Arhllim-NIAL 
RpHfi'nls ami ChemI t!^ .'J_B 
Hie /iMMTivl clilorlit*" ntirt » i I'-"••1 urn m t hophoq . 
j(hat(» ti-spfl i n *lil«! '.(iifiv iv«'tp fhp R.n .H. (En ' l -nr t ) 
prirtuctf) wtillp 80'H iim ' - I H f T t o uns >i Rfprtpl 
flr^^nntp wns '>f F.MPvrH (l)a rmx* o<0 ) and ofhPi 
rppapnt«i nnrt c b p m l r ' i l s WPTP of AimlnR «;r«flP. 
Zi ir' inl tim(I v ) nrsenof liosphn t p (ZAP) «ni1 
71 r c n l iim{l V) «? •9pn<"5l) ion+p (ZAs) VPTP prpp'UPrt itv 
tlip mpthofis i p p o i t p d by us e - u l t p r ' . Thp mi'<HfJert 
nhn<!P of ZAP (e^-ZAP) v«« ot)t<i1nP'< by h p n t l n p I t nt 
2(K> C for 1 hour In fl m u f f l e f i i m a r e . The l o n -
exclifoff*" c e p a r l t l < » « of «< .ZAP and ZAS «rp 1 .03 «n(» 
1 . 7 0 i!M»(j/g r e s p e c t I v p l y . 
A n a t y g l s of SampleB 
One t a b l e t , / ^ ml of the nn«nct«' f o m i i i l a t l o n was 
dJaflOlved In 10 ml of c o n e . FICl and d t l u t e d t o 250 ml 
w i t h rtemlnerall7,ert w a t e r (WW). One ntl of th1« 
f,H; 
''f'f^ V M ( M I N I \ , A'.HAWAI , Aflll VAK';tlN( f 
«!'>liifjnn wn-. <• vnpoi/•» prf t o f»lm<>fi« ' ' i M i f u s jinrJ tfip 
ipp i iUiP h' « tnkp t i 1n*-v/ 1 m! of DMW. I t wnp l o n l p r t on 
n o'lloiw* ri>nt n*ti1 np ? R i " n - r x r h U P P m n t r r l n l I n n 
RiflRs fiilio of <lip I n t f r i H ' l (MBrnptpr n .G rm, f i t f p r t 
• i H h t h p e 1 " « ' i wniil Bt 1 « «; »>oMmn. Ma!!i)<<st i«in(n ) 
I o n s wprp P l i i t r r t ou» wi t l i OMW ( f j m 7/»s) o r 
O . n i M . v o ( f t ' m ei-7AP). A1 «im1 n« iim(T 11 ) ionn we r f 
thf»n romovPrt wt Hi 1MMN0_ v1<1rh, «< mnll n t i c i i s ) y , 
r P t P n p rP t e.e t h r Ion pxrh»«ncpr , T*ip r n t p nf f low w«s 
m«1 nf " <»iPf1 f s 3 inl/n)<n In n i l r " «<P'> «n«i •h«- o o l l p c t e r t 
p f f l i i p n t p ( i n o ml ) wp rp n n n l v / p r t vol iiwPt i • r a i l y w i t h 
E ,D.T .>» . f o r t h p p r p p p n c p of mpfn) i o n s , I h r rP f iu l tB 
h<»lnK pumm«rl7P(1 i n T K M P 1 . To poof Mm <hp 
v s l l r t t t y of the p r o r p / l u r p v n f l r u m n o l o t l o n t i of 
H) 'n<hpf lo ml»t i i rPf ' p o n J n l n l t K - Al (! 11 ) "n<1 Mn(Tl ) 
l o n n w e r r pnnHPrt t h i o u c ^ i tl»»- «-i)\iimo«i »?>•' t h p ntPi>>ln 
WTP e l u t p r t out fls rtPBcrlhpfl whovp wl tli Hu- rps i l t « 
flbowii i n T n M p S. 
The p ropoepr t (M'tti't't I s a UPW «n<< H ( « ) | I 1 P »»na ly f lo« l 
Bp\>roar.h f o r t h p r m t n j u n a l y s l B of a n t n c l ' t <1nip;B. 
Z l r c o n i u m C l V ) Brflipii"p»ut., |.t.»te hfiB rfiovn nn px»r« 
3 
• e l e c t l v l f y f o r 8lHmlntu»(1 T O *»<'»» ftp«t<»rt up to 
200*C . S i B l l a r l y KI rconl uin(l V) 'i» < n -i Ur. .»c i *» 
a l s o s e l e c t t v e fo r tf i ln i w t n l . I t i s on thiR b u s t s 
A N A I V f U A l ? r i l ( i " ^ . | { . ( K 4 ) . f,HS f,<i; ( I ' l H l ) 
TOR SEPARATION OF AIJIMINIUM ANO MAftMRSldM IN hOMK 
ANTAnin DRUGS USING ZI Hr;0NU1M(T V) WIOSPHO AND 
SILICO AllSSNATE COMI^ WS 
KBY WORDSi A1 Hintntarn, M«|>n«r<jLHm, Antwrtil Druffs, 
T n o r g s n i o Ion Kxcli 'tneors 
K.f».V»rRhney, S»nJ«y A«r«w»l onrt IC»n«k Varphney 
A n n l y t l c n l Ldboratort<>« 
C h » w l 8 t r y S e c t i o n 
Z.H.Ccl l««ge of Kni?lne«>r1n(? «tni T e c h n o l o g y 
Alt^nrt i Muslim UnlT' -ra t ty 
A H n n r t i - a o a o o i ( I n r t l a ) 
ABSTRACT 
A nf'w, a i innle «nrt h lrshly a e l e c t l v e method h a s 
b e e n rtcarrthert t o s p p a r n t e a l u w i n l u m from nHi|;nealHiii 
q u a n t i t a t i v e l y t n antfiftrt Hrngn uatng u l r c o n l o « ( T V ) 
phospho- anrt el H c o - a r s e n a t e co luMnn. The r e s r ' t e 
o b t a t n e i l are p r e c i s e anrt a c c u r a t e w i t h i n •'*•* e^tpeH-
• e n t a l e r r o r range ( • 1 ^ ) . 
INTHOPUCTION 
MUeh rtevelopwent h a s tnlren p l a c e In t h e f l e l i l 
o f a y n t h e t l c I n o r g a n i c t o n - e x c h a n n e r a rturtng t h e 
l a s t two d e c a d e s , They lire h i g h l y s e l e c t i v e f o r 
685 
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Boiw niPtnl Ions on the basts of wlilch various 
important separations tiave hcpn Rctileved on thetr 
coluntis. However, thptr real analytical applications 
In various f i eMs are s t i l l lacking. Wte liave m««le an 
effort In t;ht s .'Irectlon recently , wtten we 
eenarated aluminium and iron from some stnniiard roctts 
anri al loys usin^ 7,lrconlHm(tV) araenopliosptiate anil 
arsenostl icate cation exctianiers. Analysis of drugs 
Is Important because a sllf^ht variation In tl ielr 
composition may produce a reduced tlierepeutlc 
e f f ic iency . Avai labi l i ty of simple methods for 
quantitative esttmatlon of • c t a l t l e tons Is essent ia l 
for detecttnr, the actual quantity of such substances 
available In a {riven fonmilatton. Organic resins 
have been utl l ixeit by Korfctseh et a l , to separate 
metallic species from various mnltivitamin prepara-
t ions prior to thetr detemdnatlon by atomic 
absorption spectrophotometry. Antacids are commonly 
employed In patients of peptic ulcer, chronic gas-
t r t t i s , peptic oesophagitis associated with hiatne 
hernia e t c . Recently Cooper et a l . have given a 
potentlometrfc amthod for the detenrtnatlon of 
alamlntam tn antacids aatng a tlonride electrode. 
Since the phospho- and sl l lco-araenatea of sireo> 
itimi(IT) have ahown^*^ •xcel lant ion-exchange 
behavioor, the preaent ar t i c l e aammaricea o«r 
1RMH AN!> r\l«^1tmiM IN SOflK AI.I.OYS 
• « , V»r9hn»y,IC.O., Agirttw«l,S. ftinl Vnriihni»y,K., 
Scpn.Scl . A Technol . , tB^, 59 , 1985. 
ZinCONIUM(H«) AnSENOPMOSPHATE 
i 120 
9or 
2 0 0 AGO 6 0 0 
Ttm^traturt <"C > 
800 
FK). I, Effect at temperature on the i.e.c. of Zf(fV} anenofrfiMphale. 
rirradiation 
ZAP was exposed to y-radiations obtained from a "^Co-source for 96 h 
with a dose rate of 0.4 Mrd/h, FeSO* beitig the dosiineter. The sample thus 
obwined (y-ZAP) showed an i.e.c. of 0.94 meq/dry g for NaV 
EKfUon B«h«vior 
250 mL NaNO, soIutioM of varying concentraiions (0.1. 0.2, 0.3, and 
1.0 M) were passed through several cohimnx (interna) diameter - I cm), 
each conlainbif 1 g of cr-ZAP in the H*-form with a very slow flow rate 
(-0.5 mL/min). The H*-lon8 thus eluted were titrated against a standard 
(0.1 M) NaOH sokjtion and • mtximutn eUitiort wa« observed with l.O M 
NtNO}. To study the elutJon behavior, 100 mL of 1.0 M NaNOj sotatiwi 
was nm through • cohtmn in the H -^form and several 10 mL fractions of the 
eflHient were coftected « room temperature (JO ± 2X). Thia wai repeated 
«t a worithig temperature of 95 ± 2'C by using • dooble-wdled column, the 
outer part of which was surrounded by steam during the experiment. Figure 2 
«* VARSHNEY. VARSHNEY. AND AQRAWAL 
EXPERIMENTAL 
Reagents 
Zircnnyl chloride, trisodium orthophosphate, and disodium arsenate used 
in Ihis study were of AnalaR grade (98.5-99%) f>M«ined ehher from the 
B.D.H. Poole (England) or from the E. Merck (Darmstadt). 
Apparatus 
pH measurements were made on an Eiico (India) model LI-10 pH meter, 
and infrared studies were performed on a Beckman IR-20 spectropimlometer 
using KBr pellets A Philips x-ray unit with a Mo-K, target was used for 
x-ray studies, while a Bausch and Lomb spectronic-20 was used for 
colorimetry. Radiometric measurements were made in a well type single 
channel analyzer with a Nal( VI) detector obtained from the Electronic 
Corporation of India Ltd. 
Syf>thesls of the Ion-Exchange Materials 
ZAP was prepared (/) by the following method. Aqueous solutions 
(0.05 Af) of tirconyl chloride, disodium arsenate, and trisodium otlho-
phosphate were mixed in equal volumes and the pH of the mixture was fixed 
in the 0-1 range by adding nitric acid with constant stirring. The gel thtn 
obtained was kept at room temperature (30"C) overnight and filtered, 
washed with demineralized water (UMW). and dried at 40"C in an air oven. 
The * i e d product was cracked in DMW to obtain granules which were 
converted into the H*-form with I M UNOj. It was then heated up to 200 
and 400"C for 1 h each to get two separate phases, o-ZAP and pZAP, 
respecth'eiy, for further studies. 
km-Exchwn^ Capacity 0«c.) 
The Na^-kwi exchmge c^>«ctty of the material W M determined by Uw 
cotamn procesi ( I ) , h W M fotmd to be 1.03 and 0.94 meq/dry g for e-ZAP 
uid fi-ZAP, respectively, with a coefficient of vviatinn <0.5 for 10 
observations. Figure I shows the percent retention of the l.e.c. on heating the 
material up to vsrious temperatures. 
SCPAnATION SCIFNCE AND TECHNOLOGY, 10(f^. pp 90^-915 , 1983 / o / 
Ion Exchange and SelGctivity Bohnvior of Thermally 
Treated and ytrradiated Phases of Zirconium(IV) 
Arsenophosphate Cation Exchanger: Separation 
of Al(lll) from Some Metal Ions and Removal 
of Cations from Water 
^'•''''^•'U^ari 
K. G. VARSHNEY, KANAK VARSHNEY. and SANJAY AGRAVVAL 
CHFMISTRY SFCTION 
Z H roLLFCE OF FNOINEEWNO AND T^CHNOLOOY 
AltOARH MtiSlIM I^IVFRSITY 
ALIOARH W200I. IffOIA 
Abstract 
ton-exchtnge and selectivity behavior of »irooni«m( IV) ar"-nophmfrftiite (ZAP) 
hM been studied systemaiicalljr after thermal and irr^di.ttion iieatment? As a result, 
an increase in the ion-e«change capsrily and a tntnplc"' fevr» .il in the selectivity 
sequence for some c»vnmon metal i<ms has been observed on hc3»in|. Tlie mndtrted 
phase of ZAP ha* been otiltred successfully for the quaritii.siive sepnration of 
aluminum from numerous metal lotis and for the removal rrf cations from water 
INTROOUCTtON 
Zirconiuni(IV) arsenophosphate (ZAP), prepared eaHier in these labora-
tories ( / ) , has shown promising loi^ eKchange behavior for sotne common 
metal Ions. U showed « i faicrease in its ion-exchange capacity and an 
imiwovement In Ha chentiral stability alter thermal treatment U was. 
thererore, decided to make a systematic study In this direction with the wif w 
of expior^i the posslbiiities of some more useful applications of ZAP. TfA 
foUowif^ pafes sumntartze the Ion-exchange behavior of the revised phases 
of this material after heat treatments and y-faradlation, and Its application bi 
separation science. 
— 909 — 
Copyright O 1913 by Mwcd Deltker. Inc. 
Zr(IV) and Ti(IV) •nenophosphaiet as h>ii-«xclian|cn 
TaMt 2 OuonttUtive sepanttoR of iron («riUi ZrAsP, from I ml of Mock loluiioii of ron-hate 
«Hoy» 
Sampk 
AISI-W3 
AISt-M7 
CoinpotilKm of nock wialinn. 
Fc Cr Ni Mn 
222.8 S«.5 26 7 4.' 
2I».4 56 5 JM 4.7 
mloil 
Si 
16 
t« 
Found, 
OOIMHNO, 
IKK ml) 
Ct 55 1 
Ni2».7 
Mn4.« 
S i l 7 
Cr55 5 
Ni}«4 
Mn4l 
SI 17 
m 
Eluem 
IM HNO, 
(100 ml) 
F«225 
Fi!22l 
procedure being ihe same as Tor the alloys. All the metal ions 
except Al*' and Fe'* wereehittd «ilh DMW as usual. A!'* 
was removed Iroro 'be column »tlb 0 tAf perchloric acid, 
and Fe" witH 0.5M hydrochlork acM/IAf ammoninm 
(Aloride mixture. Table 3 summarizes the results 
MeproducAililly of i<m-fxrkanfe bthatiour 
Ten batches of ZrASP weie prapared and the ion-
cxchante capacity and X^  vahies determined as usual. The 
vdues were essentially the same in all cases. 
DBCUSSiON 
The main purpose of this work was to study the 
distribution and separation of various metal ions on 
ZrAsP and TiAsP inorganic ion-exchangers. As the 
results show, the materials offer selectivity for a 
number of metal ions in various media. Thou^ both 
exchangers ^ncraity show (he same behaviour, in 
some cases (hey difl^ remarkably. For example, 
Ti<IV) and Ytlil) are found to be strongly sorbed by 
ZrAsP in 0.91 A# nitric add, but not by HAsp. 
whereas Pb(li) is strongly sorbed by TiAsP in 0.1 A/ 
nitric add, hut not by ZrAsP. 
The distribution stwhes indicate several poasible 
separations, some of them useful for the aiudysb of 
aHoys siKh as ferronickel and (erromanganese. Ten-
tahim anthnonate, reported earlier," abo gives some 
Titile 3 QaaMilati«c (cimanon of varkms oonttitnents in rocks, on ZrAsP 
ElcvBcii*s pKscnt. ftg Vohane 
of stock 
«(atioa 
Rock loMled 
nmple mf Al Fe Si Ca 
O-l 05 ^70 T M li.is^ 09S 
0-2 10 15.4 2.«9 «9 2 l.9« 
AOV-I 0.5 159 3«9 29« 247 
AOV-I 1.0 17 2 6.7S 59 6 4.94 
imVO-l 0.5 6.«5 600 2.45 7.70 
BHVO-I 1.0 13.7 12.0 4 90 II 4 
KR-t 0.5 tM 6.70 VM 3.4« 
•Cll-I 1.0 »-1 IM 54.5 «»7 
rCC-t 0.5 OH 4.14 21.1 0.27 
rCC-l 1.0 0.7) 1.21 411 0.55 
EtemciMt alMBd MT 
Mg 
0.37 
0 75 
076 
1.52 
3.60 
720 
1.74 
3.41 
21.7 
4)5 
Mn 
cm 
003 
0.05 
0.10 
O.OS 
0.17 
009 
0.11 
000 
Oil 
DMV 
Si .12.6 
C t l 12 
M|034 
SI 73.3 
Cal9« 
M|0.68 
Si 301 
Ca ts 
M|0.7« 
Ma 004 
Si 51 7 
C8 4.9 
M l 1.53 
M a O M 
Si 2.45 
Ca7.5 
M l 3.6 
MnOO« 
Si 5.1 
Cal l ) 
»%r2 
Ma«.t4 S27.0 
Ca}.4 
M i l l 
MnOM 
S5)9 
C#*.7 
»H)3 
Ml t l3 
»I23 
caon 
Ml I I I 
Ma 005 
Si 4).) 
Cats? 
Mg4tJl 
OlJIf HCIO, 
(50 ml) 
Al«4 
A l t l S 
AIS.6 
Al 17.2 
AI6.9 
Al (40 
AI7.I 
Alt4.t 
AlO.SO 
AI072 
0.5itf t t a 4-
(50arf) 
Fel,4 
Fe2.7 
Fe3.« 
Fe6.7 
F«6.9 
Fell.6 
N6.< 
pai} .« 
N 4 . I 
rti .1 
K. O. VAMHNEV ti at. 
of these sepantiom. IMH our methods cover a wider 
range of comfiosHion. TilaimMn arseiraie" and ti-
tanium phospiiate" do not five these separations. 
TiAsP is more sdective than the nmple titanittm 
arsenate for leml 
Because of its hifh affinity for iron and ahiminium 
in certain media, ZrAsP has been tried for the 
analysis of alloys and rocks. TaHe I fives the results 
tot the quantitative separation of iron from two 
standard steel samples. The error range was ^ 1% 
Analysis of rocks also gave satisfactory results (Table 
3). 
Atkmmkdgtmtnis—'nie amhoti are (lunritM to Profosor 
M. Qweriii for tesearch fadfiitm and to the CSIR (ImHa) 
for Ibiandal assistance. 
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•» 1 0 0 
e 
z 
6 0 
r 4 0 
30'C 
JU 
ZAP "(ZAP 
Z AP Ptiaitt 
p-ZAP 
Fro. 2 Ehition behavior of the VKrimi* ZAP phmes M 30 uid 95'C as th« woritmg 
summarizes the percent eluttnn of H*-fons from the various phases studied, 
taking their original i.e.c. as the basis. 
pH Titrations 
pH titrations were performed by the method of Topp and Pepper (2) on the 
various phases. The curves ne shown in Fig. 3. 
tMstrllMitkm Studi«s 
2S0 mg of the sample was taken in a conical flask containing 23 mL oftha 
solvent and shaken for 4 h at room temperature. Equilibrium was attained 
within 4 h as indicated by • concentration vs time curve. The metal Ion 
concentration in the liquid phase was determined widi EDTA (i). Per IMMH 
metals, however, the radiotracer technique was applied by taking Ae 
following isotopes (with their half-life periiNls shown in pwrenthesesjh Ha 
ZinCONIUM<lll) ARSENOPHOSPHATE 913 
O 20 4 0 60 80 too O 20 AO 60 80 100 
Vctumf 9t «fr igrnt ( mti 
FfO. 5. SetMrMkmJpf AKIII) from other nwul iom on «-ZAP ooiumns. 
DISCUSSION 
This study highlights certain interesting features of zirconium(IV) arseno-
phosphate. As compared to the sampif p:fpzTed after drying the gel at 40'C 
(ZAP), the sample obtained ailer } ;i. g it at lOOT for 1 h (<»-ZAP) 
possesses a higher i.e.c, wh»n daa-ioined at room temperature. Several 
repetitions invariably revealed that the increase in the i.e.c. is ~I0% (Fig. 
I). A higher working temperature (95 ± 2''C) further enhances this value. 
For example, the phase obtained aAer heating ZAP up to 400''C 0-2LAP) 
gives an t.e.c. almost equal to that of ZAP at room temperature. With 95'C 
as the working temperature, however, all three phases (ZAP, a -ZAP, and 
ZIRCONIUM{lll) ARSENOPHOSPHAIE 0t1 
OMW 
I 
O 
0 - O t ^AH^405 
- • - Z A P 
--O.. « ( -ZAP 
Mf C* Ft Ni Sr e« Pb 
I ' f ' r ' . ' t 
Al Mn Co Z«i Cd Hf 
Mft» i • • "« 
Fio 4 Distribuiiofl hehavtor of ZAP and « ZAP for various meul kHM bi DMW mdOOl M 
IINOv 
Separations Achlavad 
Two grams of the 60-100 mtih-tirni particles of the exchanger (o-ZAP) 
in H^ -form were u$eU for column operation in a glass tube having an imenial 
diameter of ^0.6 cm. The column was then washed thoroughly with OMW 
and the mixture was loaded. After recycling 2 or 3 times to ensure complete 
adsorption of the mixture on the column bed, the elution of the metal ham 
other than AH HI) was done by 0.01 M HNOj, selected on the basis of/l^ 
values. Finally. aluminum(III) was removed with 0.1 M HCIQ,. Table 2 
sttmmarizes the salient features of the septf aikms achieved wMte F ^ 5 
shows their ehitioa cwvet. 
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where F ia the faction of Ih* totid metal-ion oonceMratkNi bi the equilibrated 
fototion phase, i^  ^  the vc^vme of the sohitkm (mL). and M is the m«Ki of the 
10) cichanfer (01. TaNe i fumnwrtxet the K^ vahies otnained OK Z A F and 
a-ZAP satiates in varioua soNenia. Fi^tre 4 shows the campm^in 
<Mstrft>tttioa behavior of these two phww in DMW and 0.01 M WfC^ 
solvent systems. 
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ANALYTICAL APPLICATIONS Ol Zr(IV> AND Ti(IV, 
ARSFNOPHOSPHATFS AS lON-KXCHANGLRS 
K G VAHSHNfY. S A<.t«AWAl. K V«»SIINI- and A l>RfMI'>\S* 
f'hemnlry Section, / M ( •illcot.' <«l I n(un«enn^ ami rdhnoloiiy. Aligurh Mtl^ illl) UmverMty 
AluAflh 2ii:n»{, Imlij 
M S RAfHi ani« P P KMAMSA 
Wadia In -^ltluti. o< Him.il.ivai> <»ei.lo|jv, Oluddun. Iiulia 
</'<•(I'll(•</26 ilanh IPSO Reii\i-u22 Mauh IWi i,,,,ued H Mui l9t<M 
^wimiar> 1h« disinhmum ot 27 meut ions between /uionMin jtnJ iiianium ar^ennphusphaic ami 
dcmmerali/ed v .«(er pttchloin. aci.1 am" niliit. atiJ has heiro liimlH i^ On the hasi<. ot ih<; rebuilt wcral 
binarv and ternary separ jitiin« can he drsitrntt,) 1 he d.il i have h«ren used in apphi uioii ul these muienals 
to the anal\«i< ol tortain ailoys «nd r'xks 
Inorganic ton ex(.hjn|2cr$ liave an iKlvamage nvcr 
th«r organic coumerpirts because ol Hicir higher 
Jiahfhiv They drc J I W more selPiDve For example. 
lindV^ vanadophosphiiie,' v«inatlo»rsei<ate'' and 
tungsioarseiiate' are selective tor atkaiitte-cHrtli metal 
ion< Tiii(IV) arsenophosphaie' shoves pw\ ifli-nty 
for some quailnvaleni metal ions ^uih a^ Th'" aitd 
Zr'* Howe\er. praitnalh .ill (he work putslished on 
these materials das K-en on their prepiraiion and 
properties, and none on applications otltei than to 
simple binary or ternary mixtures Tbe present work 
IS aimed at remedying this situation, and ttiustratmg 
the wider utility of these inaienals 
Zirconium and titanium arsenopbosphate, pre-
pared by us e.-rlier,' *ere selected for the stuay 
EXPr RIMf NTAI 
Rtagtnis 
/irconyl chlonde (I 1 Bukcrl. oianiuni(IV|chlonde(s g 
I 73, BDH), tnsodium oflho|»h<>sph9ie (BI)H», and dis-
odtum hydrogen arsenate iMinkt *ere used Other re-
agents and chemicals were of analytical grade 
Synlhtsts of the nm-vMhan^e maifnals 
Zirconium and iitanmm arsenophosphate (ZrAsP and 
TiAsP) were prepared as described earlier ' It was observed 
that when the material was (.rmvencd into the H' -hmn by 
the usual hatch lequiitbnumi process and wa,shed m a 
column wtlh demmerali.jed water tDMW) or dilute nitnc 
acid, the effluents wer-; ftiund (by aiomic-absorption spec-
tro»ct»p3f> to contain Al. M ,^ C a. Si Fe and Mn These may 
have ansen from impunties pr«s.-ni in the chetiiicals used lur 
the syntheso Be'ore use. the esthangcrs were therelore 
thoioughly washed with I (l.i/ niir<i and m a (.ti'umn until 
the effluent was tree from ihe imp-iritie* mentioned The 
maienat thus obtained had improved rcproductbitiiy and 
enhanced mn-exchange behaviour 
IMiinhttttm xtiuttei 
An the metal wn solutions used were prepared m DMW 
except those of the tervalent and quadnvalent ions, to which 
•Pitient addrcs Chemical Laboratory. AlomK- Minerals 
Div.. Dept. of Aiuimc bncrgy. Bangalore. India 
a tew drops o( the a|<propnale ai-id were added to prevent 
hvdrolvsis Th« dtstntsiUion v.t>e(rn lents were detennmed' by 
equilibiHiing 2'Omg i>i ruibanac *uh 25 ml of so ution 
coM'ainmK an a'noutil <•( mvUl i.'.t equivalent lo not mtire 
than V\^ ot 'hv loul ion exthunge capuitv of iHt m itenal 
,md ad|iisied lo the ap(»ri'f>naie .Kiiliiy i7< Titanium, 
uiatiiuni andierium were«t.-i<.-rtnmedcolorimetncally' 'and 
the oiher m.-Hl ions b> FDT A iiiralion.'" tietiire and slier 
inr et{iidibraMon The results obtained are summanzed in 
Tatile I 
SrpaiuiMni 
S\rnheiii mitiun'i A (ew synthetic binary and tertiary 
mixtures Aere prepared hv mixing the meial wn sr>lulii<ns in 
the leqoired vnlume laiiivs Tot column operation the 
exchanger [tAV I'tO niev,ti 2 x H ' lorm) was used in a glass 
ti'be ol - ( ( 6 i m hure A kno*n volume ( - ( i s ml) of 
sample wlulioo w.)-> loadext vw the '.olumn at a verv slow 
flow rale ( ^ ' 4 drops min> .ind .etyded through the col-
umn al le.ist three times with a 2 'ml water wash between 
cycle>. loll I'vrtl bv eltiiion with siniuhle solvents at a 
Bow rale of ~ 0 5 ml mm The eillw-nt wa% monitored 
qualitatively bv standard s(xii-tesis" to determine (he elut-
lon behaviour and then sepiiraie samples *ere analysed 
quantitatively by llie nuihods use»l tor the distnbution 
studies For orcviiv the resiilis which were satisfactory, are 
omitted Typical separations include V(IVt-Fetlll>-Ti'IV). 
Zn Pb-Fcillll. Mn(ll> Fcdll), Al Fedlll, Y-TillV). 
Nt FetJII). Hatin Ph. Cd Pb, Y CellV). UtVIV^CetlV). 
l a Ce(IV>. Ni Pb, VdV) Pb 
Alloy ami roto Hunpies Stock solutions ot the alloys and 
rocks tested were prepareo as follows The alloy (^ 30 mg, 
accurately weighed) was oissolved in ~ 5 ml ol O^ M<I regKI 
fhc solution was evaporated to ~ I ml and then dilutcx) lo 
volume in a KIO ml standard ilask with DMW For the rock 
analssis MHi mg "t s,'«Mple were tiised with sodium hydrox-
ide m a nickel ciucibie al dull red heal (ollowed by the 
teaching 111 ilic cooled meli with DMW( and dilution to I 
hire (standard llaskj v%ttb dilute h)droc-hlorK atid 
For the allov analvsis I ml ol tnt vtrn.* s>>luiian was 
l<i,ided on the column t2 p ol csvhangeri al a very slow Wie 
as d«scribe<l jbtive All the metal ions except Fe" were 
eluted uiih IHII i/ nunc and The iropillli was then elated 
with 0 I M mitic acid Table 2 goes the results 
For >h« roik analysis t) 5 or I ml ot the stock solution was 
tvaptwated to dryness to remove Ihe escess of actd The 
residue was taken up in DMW« ~ 2 ml > and the soluiion was 
loaded on the exchanger (2 gl u» the cohimn. the i«M of the 
K O VA)HHNFV ft al 
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All th* «\«mentm *»xr*^ pt Al «n«1 F* w(»re f»lut«»f! out 
p l t h e r In DffW or 0.01 M KVOj (m«x.v*.l Hwe #-%/ino ml) . 
ThefK" m*t«ln were th#n leached oul with IM IfNO- (mux. 
voluBiA r>^100 ml) nnrt (<»t«>r»ln*<1 q«i«ntl tat 1 v«»lv by 
atomic ftbuorptlon spec irupho tone try . The observn-
i l o n s are summarlzetf in T»*>les 1 -5 . 
RKSIILTS AND WSCUSSION 
The e s s e n t i a l feature of tbene 8tudtef> 1» to 
OS* Inorganic loo exchangers for the analystR of 
•oa« a l l o y s and s i l i c a t e rocka. As I t i s c l e a r fiw« 
Table 2 , the d l s t r ih t i t l on behavior of ZAP I s a t c n l f t -
c a n t l y affarteA on hea t ing , the heated phase of th i s 
Material K-5'.Ar) becowea blKhly s e l e c t i v e for Al ( i l l ) 
a n A F « ( I I l ) . Also , 2i rconiim{l V) arsenost U r a t e 
p r e f e r e n t i a l l y holds these two ions ( lO) . This 
property of these two lon-exchnneers has been succ-
e s s f u l l y u t i l i z e d for the separation and quant i tat ive 
determination of A l ( T l l ) an<* f e ( l l l ) in some a l l o y s 
and s i l i c a t e rocks . When a so lu t ion of these saaiples 
(aynthet le or r e a l ) i s passed through the lon-
exchange column with a very alow r a t e , only A l ( l l l ) 
and F e ( I I I ) Ions are retained and others are comple-
t e l y excluded by the colutm almply in DMV or 
O.OIM HNO-. They are th#n e lu ted out In IM HNO-. 
(Tables 3 - 5 ) . Tf)« method l a quite simple and. 
requires much l e s s ttsie as eowpared to the c l a s s i c a l 
methods. Furthersiore, qui te a large number of sampleft 
can be analyzed using a s t n e l e eoluan because these 
Mi tcr ia l s have shown the e x c e l l e n t reproduc ib i l i ty 
in t h e i r Ion exchamce behavior , and then ion 
exchange capac i ty la not a f f ec t ed even a f t e r several 
'-^^•^ VARSIINfY, ACKAWAt , ANH VAKriUM Y 
rcoycl lnn proc«»f»e«. 81n«« ZAS has a hli^h K<1 vniue 
f o r N1(1I) ion« I t couli^ not be usetl for tK« sepitr*-
t ton of Iron tn th« nickel eonlAtnine s t#«l i i . For 
•ttcb ana]jr9<!», how«v«r, •<,-^AP la quite su i table 
(Tables 3 , * ) . 
The authors are thankful to Prof. Mohsln Qurcahl 
f o r research f a c l l l t t e s and encour«f(e«ent. Dr. S.C.O. 
S«h, Director , lf«ilts I n s t i t u t e of Hlaalayan Ceolofy, 
Dehradun (India) i s thanked for the instrunienta] 
f u e l l l t l e * . l l ie f inanc ia l a s s i s t a n c e provided by t^e 
C.S.I .R. (India) I s g r a t e f u l l y aeknovledged. 
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Analysts of the Saa^l^g for Iron «nrt Aluwtntum 
^• Prgp^rotton of the St»ortffrd Soluttonsi 
We stnndsr<1 solnttonp were urepsreH B« fo l lows : 
Synth#ttc Alloy S«iiq>lew 
Variotts m e t a l l l o solMllons w»»re w!x^d tn c»'rt"ln 
r a t i o s 80 that they correspooH to th** actual motnlUc 
proportions tn the standarrt a l l o y s . 
Standard Alloy Sangtles 
An accurate ly weighed awount of the a l l o y was 
d i s so lved In a mlnlfliUR aaoiint of ar|uareeia followed 
by the d i l u t i o n to a des ired volume with 0MW. 
Hock Sowples 
Twenty mil l i n t e r s of fyi NaOH were heated In a 
Nl -cruc tb le u n t i l laelted and then fused with too ng. 
of the sample for 5-6 Minutes at dull r»>d heat 
W 6 0 0 C ) . The melt was cooled and 100 ail of DMW 
waa added. After keeping o v e m t g h t the l iqu id wan 
transferred to a i l i t e r volumetric f lask containing 
*0 a l of I j l HCl and the voluwe made upto the mark 
with DMV. 
B, Separation and D«tenatnatlon of Fe<III) and A i ( I I I ) 
I t was done as fo l l ows : 
Two graas of the 60-100 nesh s l i e d p a r t i c l e s of the 
ion exchnnger in H*-form were packed in a g l a s s tube 
having an in terna l dlaineter 0 / O . 6 cm and f i t t e d with 
g l a s s wool at the bottom, Itie saaple so lut ion (1-5 "1) 
was evaporated to almost dryness to remove the excess 
ac id and the residue was d i s so lved in a small amount 
(1-5 a l ) of DMV which was then loaded on the column. 
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tKot. AND All/m;jt'M Hi Si'W. ,,111^"^ l - , j , 
S y n t h f in aod loa.E»chaog« C«p«>ctty of ZAf mna ZAS 
Tli«(>e MAtrriftl* were •yntti«>i>1s»ii by the mfthoA* 
r«>poitC4l « i tr l icr (9 ,10 ) «n«l were tHer»«lly trvntcil by 
putt ing titviN M vortou* t««p«r«tureH for on* hoMr ««cti 
1» • MMfflf fttrnnc*. They were w««he«| thoroughly with 
dll.RNO- mitt then mith 4te«rtner«llxe4 water (9NV) t i l l 
the e f f l u e n t * were free of wny n e t n l l l c or BOD neta-
l l f r lM|>urltleii «s t e s t e d by « to« ic absorption epee-
tropl iotoaetry. Die Nw'^-ton^excbeniie capi ic i t tee of 
• a r l o n * eaaplea th«ia obtained are reported la Table i . 
OB thta beat a a hented phaae of ZAp npto 200 C 
(i^-ZAr) and noraial SAS trere used for further s t u d i e s . 
g ta tr tbut lon Sturttea 
file d ia tr lbut lon c o « f f t c l s n t s (Xd) for various 
• e t s l tons wer« deterained as uauf^l by the batch 
process on *C~ZAr and ZAS ( l O ) . Table 2 shows s 
ooapai^t lve s ta tenent of these va lues in BHV and 
HNO, 
'3 ' 
TABLE 1 
IOB-Bx«hanga c a p a c i t y of ZAP and ZAS After tlieraal 
Tra«t««nt 
Vantlng lon-exchanga % Retantion in 
t«iv»erature oapaelty lon-axehaaga 
^•g* ( • eq . /dry f . ) capac i ty 
ZAF ZAS ZAP ZAS 
49 0.9% 1*30 100.0 100.0 
100 0.95 1.30 101.1 100.0 
200 1.03 1*25 109.6 96.3 
%00 0.9% 0.%6 100.0 55.% 
600 0.8% 0.20 89.% 15.% 
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QVANTITATIVB DETewaNATIOM OT IHON AMD ALUMNI UN 
IN SOW ALLOYS ANO SILIGAtB IIMCiCE! A m * A CATIOM 
IKHANf i l SBrAtUnOM m ZI lCONIUNdV) 
IHOSMIO AND 8IL100 ARSBNAfCS 
K,Q.W»Tt^ney, SMJay AgrMwal aiid Kannk V«rsltn«y 
Anal j r t tcal Laborator lca 
Cbcaia t ry S«etl<Mi 
S.! i .Col l«gc of i B g t m e r t i i f ana recbaology 
AliKarl i Nua l l a O n i v e r a l t y , A l l | |a r t i .202001 , I n d i a 
ABSTMCT 
A rap id wad q u a n t i t a t i v e aetboo haa been d«velO|icd 
f o r i h * ana lyata of aotae i ron and a l i ia la lHn baaad 
a l loya and a l l i e ^ t a rocks uainc s l iT io« iu« ( lv ) baaed 
araffnopboaphate and a raenoa f l l e« t« cat ion axobaagcrs. 
I l ie Method i s a l a p l e , reproducible and preetae w i ib a 
atandard dev ia t ion <35(( f o r tba d l r s c t deterwtnatioB 
of I ron and aluwtnfuNi i n rocka and a l l o y a . n ia low 
alandord dev ia t ion valwea auggeat tha t tbe aetbod 
fliioald be ueefa l f o r tbe a tandard i ta t loa pnrpoaea. 
IMTOOPOCTICTI 
Aaalyaia of a l l o y a and rooka i a l apor taa t l a 
ebeaAeel teebaology aa tbe praaenea of var iona o o n a t i -
taeata p lay a v i t a l ro le i a O i e i r a p p l i e a t i o a a . 
AJtbongb aaveral papcra bave e a r l i e r b«ea t>abl lMed i a 
t b i a f i e l d aainc v e i l Imowa a a e l y t l e e l teebal^aee 
( 1 - 5 ) , ttie loa -axebaat * tecbnlqae l a aara oaefa l m» I t 
g i v e * f a a t aepera t laa a f t iM l o a l e apeelaa p r e a e a t . 
•ewtver aadi a tadlea bave baea • • « • a a e t l y aa argaala 
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' ' ' * ' • • \ i<sMti s , , . . !WV.;AI . . \ - : , ' ..w . L M ' , 
mminm ( 6 , 7 ) piotMbly bftcnuor t»f t.h»>tr ^xc*ll«>iit 
r«f ro<«tie1t»l)f iy Anrt n t s h t l l t y . 
Inari;Mnlc 1on~«»xchfln«pr<i ^re w*>ll known for th^lr 
htfh s ^ t r o t t v i t y for m*;ral ionm find » t « h 1 l l t y at 
Alev<«t«d tewp«ri»ture8 ( 8 ) . XI rronlM«(l V) arsenophus-
phAt« <ZAP) nnd Zr(lV) i«rs«noRtlloftte (ZAS) prepHr«d 
In th««« 1 Abo rM tort en <*>,tO) possesci excepttonnUy 
good chemical Mtablltty »nd reproduc ib i l i ty In lon-
«xchan/g;e behaviour trtilch inprove further for ZAP on 
h e a t i n g . A p o a s i b t l i t y of uelng these «aterlalft for 
the quant t ta t ive aeparatlon of metal ions from the ir 
S3aithetic mixtures and froM aowe real samplea has 
already been explored e a r l i e r In theee l abora tor i e s 
( t o ) . Ifie present a r t i c l e sunwarlKea our e f f o r t s for 
• quanttt«ttlve separation of alunintum and iron from 
•Oflie a l l o y s and rocks on t h e i r columns. 
Chewtcals and Reagents 
Zirconyl ch lor ide used In these s t u d i e s vas of 
J.T.Baicer Chemical CO.rhtl ipsburg (USA), while t r l -
sodlum orthophosphate was of BOff, Poole (London). 
Dt-sodiam arsenate and sodium s i l i c a t e were E-Mercic 
(Dermstndt) products and a l l other reagents and 
che i i i ca l s were of analaR grade . 
Apparatus 
A pye nnlchem model sr-'2900 atomic absorption 
spectrophotometer was used f o r the quant i ta t ive deter-
mination of various e lements present In roclcs and 
a l l o y s . 
f ^ 
R * ; ^ *»*ip^»s^ 
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/JZAP) possess the same i.ec. (1.2 meq/dry g). Thus a higher working 
temperature, preferably 95"^. appears to be more favorable for the exchange 
sites to become highly operative. A higher i.e c. for a-ZAP as compared to 
ZAP is probably due to an irreversible removal of externa! water molecules 
on heating the material up to 2(X)''C. This is substantiated by the thermogram 
of ZAP obtained in our earlier studies (I) which showed a weight loss 
equivalent to the net increase in the i c.c. of ZAP on heating. The elution rate 
also appears to be affected by heating. It increa.ses appreciably with an 
increase in the heating and working temperatures (Fig. 2). The pH-titratlon 
curve (Fig, 3) is, however, not affected significantly by the thermal 
treatment. 
The effect of heating on the selectivity behavior of the material is 
sun-Tiarized in Table I. o ZAP is highly selective for almost all the metal 
Ions studied in DMW as against ZAP which is selective only for A^III), 
FeilU), PNH). and Cd(II) as Fig. 4 illustrates. In 0.01 M HNOj. rt-ZAP 
becomes selective only for AKIFI), Fe(in), and Cd(II). These studies 
therefore reveal that a-ZAP has greater utility at elevated temperatures, 
which may be unsuitable for an ion exchange resin. This material has also 
shown its potential for the quantitative separation of AK HI) from other metal 
ions, the results of which are shown in Table 2 and Fig, 5. The height 
equivalent to a theoretical plate (HETP) can be determined {4) by 
Lb' 
HETP = . - " ; , -
where L is the column height (12 cm), b is the peak width (mL) at a height of 
0,368C„„, and y„„ is the eluant volume (mL) at peak. These values for the 
metals separated from AKIII) are summarized in Table 2. 
Another important application of » ZAP may be for the removal of metal 
ions from water. When a water sample containing mt^al impurities WM 
passed through a small column (5 g) of a-ZAP, the impurities equivalent to 
256 mg CaCOj were found removed from the sample. Since the Ion 
exchanger is highly stable chemically, the effluant docs not contain any 
amount of ZitIV), P(V), or As(V) as determined by an atomic absorption 
spectrophotometer. 
Table 3 summarizes the effect of y-irradialion on some of the physiciri and 
ion-exchange properties of ZAP. As is clear from this table, an irradiation <^> 
to^\& rads has a negligible eHect. Only the pH titration is slightly affected 
It shows a bifiinctional behavior after being irradiated as against the normal 
monoAmctional behavior of the material (Fig. 3). 
IR studies of these new phases reveal the presence of the same functional 
groups as observed in ZAP prepared earlier (/). These observathms 
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Effect of Irradittlon on Some Physical and Ion Exchange Properties of ZAP 
No. Ion exchange property Ohaervationt 
1 
2. 
3. 
i. 
5 
6. 
Appearance 
Cnlnr 
Ion cKchange capacity 
pH titrjition 
Elution (xrhavior 
Dislribnlion behavior 
No chanite 
No change 
No change 
Very uliuhl change (Fig. 3) 
Becomes slightly sharper on Irradiatkm 
Practically no change In the AT^  values of alkali metalt 
supplemen. our experimental data about the persistance of i.e.c. in heated 
phases (or ZAP and 0-ZAP). X-ray difTractograms, however, do not show 
any peaks of appreciable intensity, thus indicating the amorphous nature of 
the material even on heating up to AOO'C. 
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RADIATION STABILITY OF SOME THERMALLY 
STABLE INORGANIC ION EXCHANGERS 
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(Received June 22, 1983) 
Effect of various do'es of gamma ladiatson on the ion-exchange capacity, distribution 
coefficient value*, elution behaviour, pH titration and Infrared spectra of some thermaSiy 
stable inorganic ion exchangers has been studied systematically. No change iias ben 
observed in the ion-exchange capacity, elution behaviour and the infrared snnrtra of the 
materials irradiated up to a total uose of 3 • iO' rad, while, a change has buen observed in 
their pH-titration and distribution bcliaviour. 
Introduction 
A large number of inorganic materials possessing ion-exchange properties have 
been synthesized and used for various separations of analytical and radiochemical 
importance.'"' They are of growing interest in relation to the treatment of con-
taminated water or coolant moderator in reactors working at high temperatures and 
pressures,' as it is generally believed that they are resistant to heat anc radiations. 
However, very few reports'"^ have appeared in the literature confinning this belief. 
ZSINKA et al.* have shown that a ccneraK^ation about the resistance of inorganic 
ion exchangers against radiations cannot bo made, as supported by TANDON ot at.^" 
Wc have synthesized some ion-exchange materials based on Si, P and As, wiuch 
liave shown promising ion-exchange behaviour'' "** and high ihennU and chemic-J 
stability. Their radiation stability has been studied by varying the total dose from 
10' to 3 • 10* rad and observing the effect on their ion exchange properties. This 
work is summarized in the following. 
£xpfriiTiJiitJil 
Reagents and cbemicah 
All the reagents and chemicals used were of analar grade obtained either from the 
B.D.H. Foole (England) or £. Merck (Darmst.-'dt). 
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InsmmientatJofi 
pH measurements were made on an Elico (India) model Li-10 pH meter wWle 
I. R. Jttiidies wers performed un a Beckman lR-20 spectrophotometer. 
Ion-exchange materials and their synthesis 
The various inoiganic ion exchangers used in these studies are given in Table 1. 
They were prepared by standard methods already reported in the literature, which 
involve the precipitation of the material, filtration through a vacuum pump, drying 
at a particular temperature (45 "C), cracking in dcmineralized water (DMW) and 
then converting into the if form by treatment with a dilute HNO3 solution. The 
salient features of the preparation procedures, compositions and the ion-exchange 
' capacities of these materials are summarized in Table 1. 
Irradiation 
• 
The !on-eKchange materials in HT form were Irradiated with doses of 1 • 10*. 2 • 50* 
and 3 • 10* rad at a dose rate of 0.4M rad/h using '"Co as a source and FeSOo as a 
dosimeter. 
Omnge of properties of the ion exchangers 
by y-irradiation 
Ion-exchange capacity. The Na* ion-exchange capacity (i.e.c.) was determined by 
the column process as follows: 
One gram of the ion-exchange material in H* form was packed in a glass tube with 
an internal diameter of 0.6 cm, fitted with glass wool at its bottom. 250 ml of IM 
NaNOj was then passed through this column at a low flow rate (0.4 m!/min) and the 
effluent was titrated with a O.IM NaOH solution. The strong-acid capacities expressed 
in terms of milliequivalents per dry gram (meq/dry g) of the different samples before 
after 7-lrradiations, are shown in Fig. 1. 
Elutlon behaviour. Earlier observations have shown that 250 ml of a IM NaNOj 
solution is sufflcient to completely elute H* ions from a column of the ion^xchange. 
material (1 g), out of which the first 100 ml effluent contained the major amount 
(70-90%). This volume (100 ml) was, therefore, selected for eluting the H* ions 
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7 AS a, - Z A P 
SAS IPS 
„ 1. L 
2 3 
Absorbed dos? , y!0" rod 
1 
SbS 
0 1 2 3 
Absorbed dos* , KlO'*'Od 
iMg. I,Effect of 7-ifradiation on the i.c.e. of unnf inorgdnic ion-exch.iiigcr? 
from various ion-excliange columns, maintaining the above (low rate for a conipera-
live study of the elution behaviour. The effluent was titrated with a standard alicaU 
solution for the presence of H* ions released and the percent release (R) was 
calculated as follows: 
Milliequivalenfs of H* ions released in 100 ifil 
j ^ = i - -~ X lUU 
Milliequivaleiits of H* ions released in 250 nil 
The value of R was then plotted against the total dose given to the material, as shown 
in Fig. 2. 
/;// titrations. 500 nig of the exchanger was taken in each of several 250. inl conical 
flasks followed by equitnolar solutions of alkali metal chlorides and their hydroxydes 
in diifeient volume ratios, the final volume being SO ml to maintain the ionic 
strength constant (0.05M), The pH of the solution recorded after equilibrium 
3o: 
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Fig. 2. Effect of 7-irradiition on the elution behaviour of Some inorganic ion-exchangers 
(attained In 24 hrs of itnnding at room temperature or by shaking for 3-4 hrs) was 
l^otted against the milliequivalcnts of OH" ions ad(|ed. Fig. 3 shows pH titration 
curves for the normd end irradiated ecmpies. 
Distribution studies on the alkaline earth metals 
Distribution studies were performed for the alkaline earth metals lilg(II), 08(11), 
STQT) and Ba(n) in DMW and HCIO* media as follows.-
25p mg of the exchanger in If form was equilibrated with 25 ml of the selected 
solvent, adjusting the initial metal ion concentration in the solution to a value not 
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o Sampl* irradio(«( wilh 
do»e ol X10* fOSS 
* Sample irradicUd with 
dOM ol 2 to* rode 
« Samf*» irradiated w.th 
tfJSf ol 310* roi i 
1 Z. 
OH" odded, mmo! 
Ffe. 3. Effect of r-irradlation on the pH titration behaviour of some inor£«nio ioiKXchanseis 
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exceeding 3% of the total i.e.c. of Jhe '.nateria!. The Hptprmination'! were done with 
hDTA as usual. The Kj values were obtained from the expression, 
(1 - F) V 
K, = - - — • — m l - g - ' 
" F m 
where F is the fraction of the metal ions present in the solntion after equilibrium, V 
IS the volume (ml) of the solution and A is the amount (g) of the exchanger. Fig. 4 
shoves the effect of 7-irradiation on the Kj values of the alkaline earths on various 
ion exchangers in different media. 
Infmrpd studies 
Fig 5 gives the infrared spectra of various irradiated samples along with the nor-
mal ones. 
Discussion 
These studies reveal that the materials selected are highly lesistant to radiations as 
far as their ion-exchange capacity and elution beliaviour are concerned, except TPS, 
which shows a slight variation in these properties with an increase in the absorbed 
dose (Figs 1 and 2). In this respect they are different from their organic counter-
parts which undergo'' ~J5% loss in theit i.e.c. on such a treatment. Also, no appre-
ciable change has been observed in their infrared spectra (Fig. 5), indicating no sig-
nificant structural changes. 
pH titration curves, however, indicate a change (Fig. 3) on irradiation. The in-
crease in pH is sharper for the irradiated samples containing arsenate group (2LAS, 
a-ZAP and SAS) than for the normal samples. TPS and SbS, however, do not show 
any significant change in this behaviour. 
An interesting feature is observed in the distribution behaviour of these materials 
on irradiation. The Kj values obtained in different media (Fig. 4) for the four alka-
line earths, generaHv, increase with the total dose absorbed. Also a complete reversal 
in Kjj values is observed in ZAS. It shows a total adsorption of the alkaline earths in 
DMW after irradiation while on its normal sample these metals have low Kj values. 
This reversal in the distribution behaviour is helpful in achieving some binary 
separations. For example, a normal sample of ZAS gives almost similar K^ j v^lufs for 
the four alkaline earths in 0.01 and O.IM HCIO4 while an irradiated (2 • 10* rads) 
one gives a higl\ selectivity for Ba(ll). Henct, this ion can be separated from the rest 
of the alkaline earths on the irradiated ZAS columns. A similar behaviour is shown 
307 
< n VARSMNrV pt ill: RAPIAriONSTArilLIIVOl'moRCANICFXCHANGFRS 
)y ffZAP in these inetlia ShS, liowever, shows a peculiar flisirtbution behaviour in 
).()! and 0.1 M \{CK)n media, liradiaiion lowers the. K^ , vahie of Ca(CI) but that not 
rf Mg(n) Siinilai dhsovations arc made for Srd!) and Ba(l!) on this exchanger. 
ITS and SAS. liowevei, do not show any appreciable chanRC in their disttihution 
lehaviou) in al! tiie tiiice media studied aftri inadiation. 
ni« .lutlior* aio thankful to Prof. Moh-iin OCRtSiM for the rpst-arrh facilities and to the 
r .S 1 K. (Stiiiia) (or Hnancial asvrstance. The inailiatitm studies were (lerformeii in the Chemical 
I at>o!at<-np"; of Dr. B. S, M. RAf», r'oona UnivciMty, Tune, Ir.tlia. 
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ABSTRACT 
Excbangp i<tnettc« of somp polluting njpfel ioiis such as Mn(U), Fc(H), Co([)), Ni(fl), 
/n(II) and (3d(II) has been shidied on 7.iroonium{IV) phospbo- and silico-arspnalps, apply-
ing an approach based on the Nentst—PJanck cquatioiw As a resuH, some kin<;(ic and 
thermodynamic paraineters like diffusion coefficient*, activation energies, and entropies 
of activation have been evaluated under the conditions favouring a particle diffusion con-
trolled mechanism. The theoretical predictions derived from these studies have been 
correlated with the practically achieved separations of cadmium(II) from some metals 
mentioned above 
INTRODUCTION 
ZirconiumilV) phospho- and silico-arsenates have bepii synthesized in 
these laboratories [l , 2J showing exceUent chemical stability and ton ex-
change behaviour. They are highly selective for the heavy metals like iron 
manganese, cobalt, nickel, cadmium, lead, zinc and copper, which are hazard 
ous to health when ad(H»rlw*d by the body beyond cert.aiii limits. Their utility 
has also been explored J2-«l in various fields including the analysis of rocks, 
alloys and drugs and water purification. Kinetic study of the ion exchange 
process occurring on the hurface of such materials is important for their 
economic and industrial employment. We have ejvlier made su<'h a study on 
some inorganic ion exchangers [7- 10| applying a new apj>roa«h based on 
the Nernst-Planck equations [IJ, 12J replacing the old "Bt cntcrujn" ( 1 3 -
20J, which is u.^ eful only for the ions having similar effective diffusion co 
efficients, i.e. fur an isotopic exchange. In an ion-exchange process the fluxes 
of two difd-nni ionic bjjff'ics are coupled with one another [21j and, Uu-re-
fore, a single diffii.-,i<.n coefficient cannot (icscrib.- tlu- actual proc*«s. In the 
present papox wc h,c..- made .xn i:iUiYi to und«•r^ tHnd the mechiinism of the 
metal uptake (• lU. ^hu^pht,- and sslu'o-arbcnates of zircon!um(IV) in aque-
ous uu-di.i i'oi ; ,;u(,j. .,',!!>•• h<-Avy nu'ial p.'U'Jtdntii .Old to correlate the 
theoretical ,H'-a,cl.u:jj v,'iti. site practu .<U5 Ji.hH-Vf!d separations. 
0166 6t>2U/n.l, $03 CO .., iO'f.J KUcv icr S.-UHWM f i.bl':.hfrs B.V 
JLK, 1 
MATERIAUJ AND METHODS 
Reagents and chemicals 
Zirconyl chloride, trisodium orthophosphate, disodium arsenate and 
arsenic acid used in this study were obtained either from the B.D.H., Poole 
(U.K.) or B. Merck (Darmstadt, F.R.G.). Sodium siUcate was a Riedel 
(DEHAENAG, Seels^ f Hannover, F.R.G.) product and all other reagents md 
chemicals were of AnaiaR gimde. 
Apparatus 
A waterbath incubator shaker having a temperature variation of ± 0.6''C 
was used for the equilibrium studies. 
Synthesis of the ion-exchange materials 
Zirconium(IV) arsenophosphate (ZAP) and 2ircon!um(IV) arsenosiJicate 
(ZAS) were synthesized by the methods reported earlier {1, 2], which in-
volve the precipitation of the materials, filtration through a vacuum pump, 
drying at a particular temperature <40--45''C), cracking in demineralized 
water (DMW) and then converting into the H*-form by treatment with a 
dilute HNO3 solution. Before being used for further studies, ZAP was heat-
ed at 200''C for 1 h in a muffle furnace to get a modified phase (o-ZAP) of 
this material which has shown improved ion exchange behaviour and chem-
ical stability [3]. The reported values of the Na* ion-exchange capacities of 
ZAS and a-ZAP me 1.30 and 1.03 meq/dry g, respectively. 
Kirtetic meatiurements 
The materials were finely carefiilly ground in order to give particies of 
different mesh sizes (40 -60 , BO -70,70 -100 and im -150). Particles of 
mean radii 126 ^m (of ZAS) and 150 urn (of a-ZAP) were generally used in 
the present study unless stated otherwise. Fnsctions (20 ml) of the metal ion 
eolutions were shaken with 260 mg of tiie exchanger (H*-fonn) in several 
etopp«%d conical flasks at the desired temperatures (20,30,45 and 60°C) 
for different time intervals. The supemataQt liquid was removed immediately 
and the determinations were done os usual by EOT A titrations (22}. Each 
set was repeated sue times and the mean valu«» were taken lor further calcula-
tions. 
Separation procedure 
Two grams of the 40 - 6 0 mesh sized particles of the exchanger (o-ZAP) 
in H*-fomi were used for the column operation in « ^ ass tube having en in-
I 
ternal diameter of 0.6 cm. The column was washed thoroughly with DMW 
and the mixture to be separated was loaded on it, maintaining a flow rate of 
ca. 0.1 ml/min. The elution of the metal Ion other than Cd(II) was done by 
0.01 M HNOs, selected on the basis of K^ values [3]. Cd{II) was removed 
finally with 1 M HNOj. The flow rate for eluting the metai ions wes kept to 
ca. 0.4 mi/rain. Cd(n) was also quantitatively recovered from a synthetic 
mixture containing Mn(ll), 137.6 ^ig; Co(ll), 147.3 pig; Ni(n), 146.8 ng; 
Zn{II), 162.5 fig and Cd (11), 280 ng, using the same eluants as deacribed 
above. 
REeULTS AND DISCUSSION 
A high metal ion concentration, relatively large particle sias of the ex-
changer and vigbroUa shaJtlng are the basic conditions for a particle diffu-
oion-controlled ion-exchange phenomenon. Under these conditions the 
fractional attainment of equilibrium, V{T) may be expressed as U{r) « (the 
cxnount of exchange at time t)/(the amount of Gxchangij at infinite time 
(equilibrium)). 
The present aystem may be considered to follow the "infinite solution 
volume" condition [23] because CV > CV, where C and C are the metal-ion 
concentrations in the oolution and exchanger phases respectively, and V end 
V are the volumes of these phases. The Nernst—?ianck equationg can bo 
ooived with some additional assumptions |243 wliich ore valid for an in-
organic ion-exchanger as the swelling changes and the specific interactions 
ore not significant in this case. As a result, we obi&in a coupled mterdiffuaion 
coefficient JDA». the value of which depends on the relative conceutratians 
of the counteriorui A end B in the exchanger phase (6^ and CQ). For 
CA < S B , the interdiffusion coefficient assumes the value S^, A being the 
counter ion initially present in the ion-eschanger phase, Since in the present 
study the exchanger is taken in the H*-form, Dj^ may be replaced by i?^,. 
The numerical results can be expressed [251 by the explicit approximation: 
U{r) •« {i - e3ip[n*(A(a)r + ^(©/r* + A(a)T')]}» (1) 
vrhaxQ r "Bn tjtl 
mobility ratio, o » DulBu, r^ " particle radiuo and D^ is the interdiffusion 
coefficient of the metai ion. Under the condition 1 < ot < 20 and the chcrge 
rctio, ZH/ZM •= 1/2 which are fulfilled in the present cose, tlie three func-
tions A (a), f»(a) and ft{a) con be cEpresoed [26] uo: 
" ^ ^ 0.64 + O.S6a°«" 
1 
f j ( a ) " - Q g g „ 2 . 0 a O * " « 
M. 
r , (« )» -
0.27 + 0.09a''* (c) 
Each value of U(T) will have a corresponding value of r which is obtained on 
solving Eq. (1) by the graphical method. The concentration effect on the 
mechanism of exchange was studied at BO'C by taking different metal ion 
concentration (0.005, 0.008, 0.01, 0.025, 0.05, 0.1 and 0.12 M). The piota 
of T vs. t (Fig. 1) ot the metal ion concentrations > 0.1 M for ZAS and 
> 0.01 M for o-ZAP, are straight lines passing through the origin, thus con-
firming a particle diffusion-controlied exchange ot these concentrations. The 
elopes (S) of the r vs. t plots, as shown for the Mn**—H* (Fig. 2) exchange, 
are summarized in Table 1 for all the metal ions studied at the concentration 
0.1 M for ZAS and 0.01 M for a-ZAP. 
V-0 2 
2 
t tmin.) 
Fig. 1. Piot« ot r vs. ( for Mn'*—H* «xchange, using different solution concentrations ot 
30'C on ZAS and a-ZAP: 0.006 M (^); 0.008 M (*); 0.01 M (o); 0.02B M (•); 0.05 M (x); 
0,iM<»);0.12Af(e), 
The particle size has a marked effect on the rate of exchange. A plot of 8 
vs. l /r | (Fig. 3) shows that the rate of exchange is inversely proportiond to 
the particle size, a fundamental condition for a particle diffusion phenome-
non. 
The S values are related with DH as follows: 
S^Bnlrl (2) 
The log 5n is related linearly with l/T (Figs. 4, 5) in oil ccsea, jUBtifying the 
validity of the Arrhenius equation: 
Dji''Dt>eKpi~EJRT) (S) 
The preexponential constants (Do) were obtained from the intercepto o2 ^ecz 
Unes and the values of activation energy {S^) wore calculated iSrom Eq. (3). 
The entropies of activation (AS*) were obtained by substituting the Do vai-
h 0 2 
Fipf 7. PlotRciffVi! f <oT Wi>"- H* exihang" «t differpn* iPinpfiratiuf* tm ZASsnd r» ZAP 
wtdT Ihc owUtions of parlk-lp (liffusnin 
TABi.E 1 
Sk>p« {f^) of T «R I pU>U f"r the (TsnsitioK n\pt»ts 'in 7.AS snrt o'ZAV 
20 ('. 30 C ir,"C 60'C 
7,AS c. ZAP XAS o 7,Ar ZAS nV.M> ZAS o ZAP 
MniU) 
C<xU) 
1,48 
1 93 
1,6B 
1 M 
1 33 
1 83 
1 77 
2 07 
1! P4 
0 7'i 
l . !6 
1 73 
2 48 
2 Of) 
2 16 
2 Of* 
1.«8 
2 ? 2 
2 U 
2 44 
2 21 
> 00 
1 7?. 
X J 7 
3 fil 
2 85 
2H3 
2 92 
a 4 S 
2 IB 
2 67 
2 72 
1 42 
2 22 
4 52 
3 44 
4 3 1 
3 SC 
3.48 
3,21 
2U9 
3 19 
2 0^ 
3.42 
/>o -= 2 72 rf' kllh f'xj. (ti.**^*/«) (4) 
wlu^rf fr ami /i an' thv \\{>\i7n\w^\ m\d f'!Kt>ck (•aiiSlaTit>. rcsiKH ttvciy../ u Hu-
ioni" jnnifi dis-fam-!' \2l] Hh tflkfn h \ . /^  (^ 8 .11 U J tii>p ' mri! ' ; i,i> fix- ga« 
funstftri! nmi T us tjikcn a-; 27;i'"K lahlp 2 stiinrnHrt/fs l\w }>„. E^ usvi AS* 
v'M\iv<^ ofi / A S Hn<l ft ZAl' 
As tj<hlt> 2 jtK]i'•i»U• ,^ tVu' A,'?* VHIIK'S HI»> ncdHtivc on Vmlh the ion f^  
c'httngrfs. at) ob^icrvatjod aiial'-ynus to ii!<i--( of tin- tna'eriaU «f ihip i:lass 
IK'S IB, IH 'IQ\ H «!«" iiulcntf's (tml \)\>- aHivatinfi t-'iH')'>,'!«'h for U»' vafious 
transition m^-tai ions sS.\Kii»'<i <.Jn i»t>t have ;> d^-fmit*' trond as for fts tluMr varia 
0 f-
If) 
n 
o 
X 
if} 
Fig. 3. PloU of S w. 1/r; for Mn'* at 3C°C on ZA8 and a-ZAP. 
( O O r 
I0 .8 
3 . 0 3.2 3.4 3-6 
t / T ° K X t 0 3 
Fig. 4. PloU of - l og D H W. 1 / r K for Fe'* (o); Co'* (o); Ni'* (A); Mn'* (*); Zn»* (•) and 
Cd»*(X)onZAS. 
10.0 
lO ? 
I 
e 
'o 
o 
I0.4 
I0.6 
»0 8 
Fig. 5. PloU of -lojt /)H V8 1/r K for Fe'^ (o); Co' 
8ndC«f(!I)(v)ono-7,AP. 
(•); Ni(ll) (-.): MnUD (*); Znf H) <•) 
TABLE 2 
/?,, /?, «nd JiS* value* tor the H'-exchitng*' with trmwif ton metal Jonui on ZAS iin«> w-ZAI* 
Metaf »on 
wHIt H* 
Mn(Il) 
FH»> 
Co(!I) 
Ni(l!) 
Zn{I!) 
Cdiri) 
Ionic 
radius 
(A*) 
O.Bl 
0.83 
0.82 
0 78 
0.83 
1.03 
«o(m'« ') 
ZA8 
3.65 * 10 • 
2,95 y 10 ' 
1.74 V 10 ' 
7.76 X 10 ' 
7.4t y 10 • 
2 04 y. 10 ' 
J5;.(k.»mo!e ') 
o ZAP ZAS oZAr 
7.08 X 10 • 12.26 12.50 
5 « 2 r 10 • 16 62 12 02 
1.51 y 10 • 15 78 8.482 
a.ftlx 10 ' 13.69 10.74 
6.71 X 10 ' 19.52 20.i6 
2.09 X 10 ' 22,42 21.74 
S* (J d«8 
ZAS 
- 5 8 16 
- 4 0 63 
- 4 4 04 
-61 .e4 
-32 .88 
-24.45 
'mo! ') 
a-ZAP 
-62 .40 
- 6 4 32 
-65 .23 
-68 ,16 
-33 .49 
-24 .26 
Won wtth the iomv radii is concerned. II is in contrast to the obwrvation 
ms'Jr, •jarHfr {7.8| on th«»R<? iwfttwals for thi> RlkaUn« curths. It niRy be dw 
tx> «rnorv distinct variation in th*; ionic radii in a particular group than in a 
period. Fhe at tivation «riprgy is masimum for C'HU) on both the exchangent. 
However. Uu- variation in its vahn- for the diff«'r«?nt melal Jons is much wider 
in n ZAP ns comparee! tti the one on ZAR. These ohsorvations are supple-
mented hy tlu; achieved sepHrations of €d(n) from CojU). Ni(ri). Mnjll) »nd 
Zn(n) OH t» ZAP cuhuTHiR as r.hown ir> Fig. 6, The achievement of the 
Cd(ll)--Zn(n) separation appears to be nnusuat on the basis of oiir kinetic 
oV)servalionR. They are separated njtiiough their E^ values are s'inilar, which 
depend upon the mobility ratios (/7„//)„)• However, the neparation tenden 
^ ' ^ 0 2 0 '-.0 frO 80 lOO O ?0 f'O 60 BO iOO 
Vcilum? of tff lMcnt ( m i l 
F»g 6 RUitioo rurvPK for tW n-pHrstion of 0^(11) from other mMat totw on o-ZAP <'o» 
um?w. 
cy at the twc mela'.s depends on their ionic si'^ es fiko, %vhich are very diffor-
*;nt in this case. Thib may be the reason for the unusual behaviour of the 
material (cy-ZAP) for this particuiar separation. Thus, these studios, bci,ed 
on thp Nernst—Plojick equations, give a more appropriate explanation for 
the separation mechanit-m on inorganic ton-exchangeris aa compared to th*3 
old bt criterion bccau-c of the tntiodaol'on of thu term "mobility" in tho 
<.cw approach. 
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A systematic adsorption study of alkali metals 
/Na, K, Rb, Cs/ on yarious inorganic ion-ex-
change materials in distilled water and HCIO^ 
solutions of varying concentrations has been 
performed using radiotracers. The Ig K, vs. 
pH graphs show a linear relation on all the 
materials for Na/I/ and K/I/ ions. Adsorption 
of Rb/I/ and Cs/I/ ions, however, shows a 
slight variation. 
INTRODUCTION 
The use of radiotracers in chemical analysis is well' 
established in determining the extremely small quantities 
of substances in a mixture. Inorganic ion-exchangers are 
well known for the separation of metal ions , their use 
2-5 being in the nuclear energy industry for the separation 
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of selected nuclides such as CS, Sr from the wastes 
of reactor fuels. Some materials, prepared in these 
laboratories^"^ have shown promising ion-exchange behaviour 
in addition to their thermal and chemical stability. They ^ 
have also exhibited high resistance towards garoitia radiation 
The present paper summarizes our adsorption studies for 
some metal ions of analytical and radiochemical interest 
on the materials based on Sn/IV/, Zr/lV/ and Sb/V/, using 
radiotracers. 
EXPERIMENTAL 
Reagents and" chemicals 
All the reagents and chemicals used in this study were 
of Analar grade obtained either from B.D.H. Poole /Eng-
land/ or E. Merck /Darmstadt, GFR/. 
Radiotracers used 
The following nuclides were used as radiotracers, the 
half-lives are given in parenthesis! 
^^ha /15 h/, '^ K^ /12.5 h/, ®^Rb /18.7 d/ and ^^ "^ Cs /30.2 y/, 
Instrumentation 
Activity measurements were done in a well-type single 
channel analyser of Electronic Corporation of India Ltd. 
using a Nal/Tl/ detector. 
Ion-exchange materials used 
The following inorganic ion-exchangers were prepared 
by the methods reported earlier with their ion-exchange 
capacities shown against them: 
142 
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Exploring the range of separation phenomena, Separation 
Science and Technology reviews the newest concepts and tech-
niques for dealing with problems encountered by professionals in 
this rapidly expanding field. It gives authoritative and critical at-
tention—through notes, articles, and reviews—to a wide range of 
topics, including separation theory, ultrafiltration, chromatography, 
electophoresis, foam fractionation, flocculation, solvent extraction, 
field-flow fractionation, ion exchange, adsorption, sedimentation, 
reverse osmosis, zone melting, thermal diffusion, multi-stage pro-
cesses, actinide separations, water purification, biochemical frac-
tionation, and mineral separation. The interdisciplinary coverage of 
Separation Science and Technology enhances and supports the ef-
forts of researchers m biology, chemistry, engineering, and other 
fields, and will appeal specifically to analytical, physical, and poly-
mer chemists; biochemists; chemical and mechanical engineers; 
environmental scientists; biologists; and coUoid scientists. For 
these and other professionals. Separation Science and Technology 
offers the finest forum for probing the essence of separation phe-
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shows a high reproducibihty in its ion-exchange behavior and a crystalHne 
nature with a d-value of 2.04 A. When the material was heated at various 
temperatures ranging from 45 to 800°C for 1 h each, it was observed that up 
to 200°C the i.e.c. is lost only up to 4%. The solubility studies of this 
exchanger in various acids and alkali solutions suggest that it is quite stable 
in these media. The irradiation studies reveal that ZAS is stable under y-
radiations up to 38.4 Mrd. 
The pH titration curves (Figs. 1 and 2) indicate an expected bifunctional 
behavior of the exchanger except for K"*' ions, for which a monofunctional 
behavior is observed. The second inflection for the sample ZAS, dried at 
room temperature, is at about 1.1 mmol of OH" ions added, corresponds 
approximately to the experimentally obtained Na"''-i.e.c. of the material 
(Fig. 2). The samples heated at 200 or 400°C, however, lose their 
bifunctional characteristics, as is evident from Fig. 2. The IR spectrum of the 
ZAS sample (Fig. 4) shows sharp and strong bands at ~800, ~1600, and 
~3500 cm"' which justify the presence of arsenate, silicate, and external 
water molecules in the structure. 
Distribution studies show a normally good selectivity of this material for 
various metal ions in water, which is usual for inorganic ion-exchangers. As 
it is clear from Fig. 5, the exchanger shows a reversal in K,, values for alkali 
metals on varying the pH. At pH ~ 0 the material shows the sequence 
Cs+ < K+ < Na+ < Rb+. 
Thus it shows a maximum uptake for Rb"*" at this pH. However, at pH 1 
the exchanger shows a high selectivity for Na* ions. At pH 7 a further 
reversibility is observed in its behavior, for there the exchanger shows a 
maximum affinity for Cs"*" ions. On the basis of distribution studies and 
individual elution curves of different metal ions, binary separations of Hg(II) 
from Cd(ll), Pb(II), Ni(II), Co(II), Zn(II), Al(III), and Fe(III) have been 
successfully obtained, the details of which are summarized in Table 3. When 
a synthetic mixture containing Hg(II) and other metal ions (Cd, Pb, Ni, Co, 
Zn and Al) was loaded on its column, Hg(II) could be eluted out 
quantitatively in DMW. This study, therefore, points out the possibility of 
utilizing Zr(IV) arsenosilicate for some metal separations that are important 
from the pollution point of view. Analysis of rocks is another exciting 
application of this material. As Table 4 shows, quite satisfactory results are 
obtained within an experimental error of ±5%. 
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-a 
O 
FIG 5 Effect of pH on the K^j values of alkali metals on ZAS 
TABLE 2 
Kij Values of Some Common metal Ions m Different Media for ZAS 
Metal 
ions 
Ba(II) 
Cd(II) 
Pb(II) 
Mg(II) 
SrCII) 
Hg(II) 
Mn(II) 
Ca(n) 
Zn(II) 
Ni(II) 
Co(II) 
Ai(m) 
Fe(III) 
DMW 
( X X 10-2) 
1 10 
80 3 
54 3 
3 67 
2 18 
0 52 
0 69 
3 14 
100 
80 0 
6 00 
43 5 
38 5 
0 01 M H N O 3 
( X X 1 0 " 2 ) 
1 05 
1 86 
15 8 
0 77 
0 35 
0 5 8 
0 1 3 
0 8 1 
0 57 
2 06 
7 00 
38 8 
2 93 
0 1 M HNO3 
( X X 1 0 " 2 ) 
091 
1 30 
14 6 
0 63 
0 03 
041 
0 09 
0 36 
0 36 
190 
4 09 
3 20 
2 10 
0 01 MHCIO4 
( X X 1 0 " 2 ) 
3 00 
2 13 
54 3 
0 46 
0 4 1 
0 75 
0 20 
0 74 
0 57 
1 78 
4 33 
7 09 
1 26 
0 1 M HCIO4 
(XXIO^-^) 
1 63 
1 40 
54 3 
0 37 
0 1 3 
0 52 
0 13 
0 23 
0 26' 
1 10 
2 50 
3 50 
0 97 
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100 300 400 
Temperature ( " o 
FIG. 3. TGA curve for ZAS in the H+ form 
synthetic mixture was also prepared containing 500 jug Hg(II) with other 
metal ions such as Cd (280 /xg), Pb (520 ^ig), Zn (160 /xg), Ni (180 jLtg), Co 
(147.25 jLig), and Al (67.5 /xg). Hg(II) was quantitatively recovered from this 
mixture using DMW as the eluant. 
In Actual Rock Samples 
For preparing standard rock solution, 100 mg of the sample was fused with 
NaOH in a Ni crucible at dull red heat followed by dissolution of the melt 
and dilution to a liter with dilute HCl. The analysis was performed as 
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FIG. 4. IR spectra of ZAS dried at 45 °C and at 200°C. 
follows: 0.5 to 1 mL of the stock solution was evaporated to dryness to 
remove the excess acids. The residue was taken in DMW (~2 mL) and the 
solution was applied on the exchanger column (~2 g) as usual. All the 
elements except Fe and Al were eluted out with DMW. Al and Fe were 
recovered from the column with 1 M HNO3 as the eluant. The quantitative 
determination of the elements was done by atomic absorption spectro-
photometry. Table 4 summarizes the results. 
Irradiation Effect 
For such a study the sample was exposed to y-radiations produced from a 
'"Co source for 96 h with a dose rate of 0.4 Mrd/h using FeS04 as a 
dosimatter. The material was then observed for some of its physical and ion-
exchange properties such as appearance, color, grain size, brittleness, i.e.c, 
elution behavior, K^ values, and pH titration. No change was reported in any 
of the above properties except the last one which is affected very slightly 
(Fig. 2). 
DISCUSSION 
The material obtained in these studies, Zr(IV) arsenosilicate, shows a 
cation-exchange capacity comparable with other materials of this class. It 
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o NaOH/NaCl 
• KOH/KCI 
A LiOH/LiCI 
05 10 15 20 
Millimoles of OH" added —» 
25 
FIG 1 pH titration curves for ZAS dried at 45 °C using different alkalies and their chlorides as 
titrants 
determinations were carried out volumetrically using EDTA as the titrant 
(18). For alkali metals the tracer technique was used by employing the 
following isotopes (half-life periods in parentheses): '^*Na (15 h), "^ K (12.5 
h), ««Rb (18 d), '"Cs (30.2 years). 
The Ka values, as summarized in Table 2, were obtained by the 
equation 
I-F V 
Kd = zr- X —-(mL/g) 
where / = initial amount of the metal ion in the solution phase 
F = final amount of the metal ion in the solution phase 
V= volume of the solution (mL) 
A = amount of the exchanger (g) 
The variation of K^ values of alkali metals with pH (fixed with HCIO4) is 
shown in the log Kj vs pH curves of Fig. 5. 
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0 ZAS dried at ^s'c 
A ZAS heoted at 200 "c 
X ZAS heoted at ^oo'c 
• ZAS exposed to < -
radiations 
0-5 VO 1-5 20 
mmoles of 0H~ added -
2-5 
FIG. 2. pH titration curves for ZAS heated at different temperatures and for the irradiated 
sample using NaOH/NaCl as a titrant. 
Separations Achieved 
In Synthetic Mixtures 
The 60-100 mesh sized particles of the exchanger (2 g) in the H"^  form 
were used for the column operation in a glass tube having an internal 
diameter of ~0.6 cm. The column was washed thoroughly with DMW and 
the mixture to be separated was loaded on it, maintaining a flow rate of ~2-3 
drops/min. The separation was achieved by passing a suitable solvent 
through the column as eluant. The metal ions in the effluent were determined 
quantitatively by EDTA titration. The salient features of the separation of 
Hg(II) from other metal ions on ZAS columns are summarized in Table 3. A 
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and nitric acids. This resulted in a gel which was digested at room 
temperature for 24 h and then filtered out. It was washed thoroughly to 
remove excess acid, dried at 45 °C, and cracked into small granules by 
putting in DMW. These were then sieved to obtain 60-100 mesh particles 
which were converted into the H"'"-form using 1 MHNO3. They were finally 
washed with DMW and dried as usual for further study. 
Ion-Exchange Capacity (i.e.c.) 
This was determined by the column process using 1 M NaNOs as the 
eluant and keeping a very slow flow rate (10-12 drops/min) of the effluent. 
The Na"*"-ion exchange capacity of the material was found to be 1.3 
meq/dry g. 
Thermal Stability 
Several 1 g portions of the sample were heated at various temperatures in a 
muffle furnace for 1 h each and their i.e.c.s were determined as usual after 
cooling them to the room temperature. The results are summarized in 
Table 1. 
Chemical Stability 
250 mg portions of the sample were kept with 25 mL each of the various 
solvents for 24 h at room temperature with intermittent shaking. The 
supernatent liquid was then analyzed for the presence of zirconium(IV), 
TABLE 1 
I.e.c. and General Appearance of ZAS after Heating to Various Temperatures 
Heating 
temperature 
(°C) 
45 
100 
200 
400 
600 
I.e.c. 
(meq/dry g) 
1.30 
1.30 
1.25 
0.46 
0.20 
% Retention 
in i.e.c. 
100 
100 
96.2 
35.4 
7.7 
General 
appearance 
Dirty white 
Dirty white 
Dirty wliite 
White 
White 
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arsenic(V), and silica using standard colorimetric methods {12-14). The 
results show the negligible amounts of them in the supematent liquid even on 
using up to AM acids such as HNO3, H2SO4, HCl, HCIO4, and CH3COOH 
and 0.1 M alkali solutions such as NaOH and KOH. 
Composition 
100 mg of the powdered sample was dissolved in a minimum amount of 
H2SO4 (cone). The solution was then diluted to 100 mL with water and the 
amounts of zirconium(IV), arsenic(V), and silica were determined by 
standard gravimetric or titrimetric methods (15-17). The molar composition 
of the material was found to be 1:2:1 for Zr:As:Si. 
pH Titrations 
500 mg of the exchanger was taken in each of several 250 mL conical 
flasks followed by equimolar solutions of alkali metal chlorides and their 
hydroxides in different volume ratios, the final volume being 50 mL to 
maintain the ionic strength constant. The pH of the solution was recorded 
after keeping it for 24 h to attain equilibration, and the pH was plotted 
against the milliequivalents of the OH~ ions added. Figure 1 shows the pH 
titration curves for the sample dried at 45 °C using different alkalies and their 
respective chlorides as titrants, while Fig. 2 shows the variation of pH 
titration curves on heating and irradiating the sample. 
TGA, IR, and X-Ray Studies 
Figure 3 shows the percent weight loss that occurred in the sample on 
heating up to 700°C, and Fig. 4 shows the IR spectra of ZAS dried at room 
temperature and heated at 200°C. X-ray diffraction patterns reveal its 
crystalline nature and a rf-value of 2.05 A. 
Distribution Studies 
250 mg of the exchanger beads in the H"*" form was equilibrated with 25 
mL of the selected solvent, either by shaking for 3-4 h or by keeping at room 
temperature for 24 h. The initial metal concentration in the solution was 
adjusted so that it did not exceed 3% of the total i.e.c. of the material. The 
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Abstract 
A new crystalline inorganic ion-exchanger, Zr(IV) arsenosilicate, has been 
synthesized and shows high chemical and thermal stability. It is also stable under y-
radiations of moderately high strength. The utility of this material has been 
demonstrated by achieving quantitative separation of Hg(II) from such other metal 
ions as Cd(ll), Pb(II), Ni(II), Co(Il), Zn(ll), Al(lll), and Fe(IIl) on its columns. 
Some silicate rocks have also been analyzed using this material. 
INTRODUCTION 
Silicates and phosphosilicates are generally more stable ion-exchangers 
both chemically and thermally than other materials of this class {1-6). 
Similarly, arsenates show good ion-exchange capacity and reproducibility in 
properties (7-10). An ion-exchange study of arsenosilicates of tetravalent 
metals is, however, lacking. Our present efforts are therefore to explore the 
possibility of preparing different arsenosilicates showing promising ion-
exchange behavior and which are stable under high doses of y-radiations. 
This .article summarizes such a study for the synthesis of a crystalline Zr(IV) 
arsenosilicate capable of separating Hg(II) from other polluting metal ions. 
The actual application of the material has been demonstrated in the analysis 
of some rocks. 
5 9 
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EXPERIMENTAL 
Reagents 
The zirconyl chloride used in this study was a B.D.H. (England) product 
while the sodium silicate was a Riedel (Dehaenag, Seelze, Hanover) product. 
All other reagents and chemicals were of AnalaR grade. 
Standard Rocks Used 
The following rocks obtained (11) from the U.S.G.S. (U.S.A.) were 
analyzed: Andesite (AGV-1), Basalt (BCR-1 and BHVO-1), Granite (G-2), 
and Periodolite (PCC-1). 
Apparatus 
pH measurements were made on an Elico (India) Model LI-10 pH meter 
while IR studies were performed on a Beckman IR-20 spectrophotometer 
using KBr pellets. X-ray studies were made on a Philips x-ray unit with a 
Mo-K„ target. Colorimetry was done on a Bausch & Lomb spectronic-20 
colorimeter. For thermogravimetric analysis a Modem TGA balance of the 
Fertilizers Corp. of India Ltd. was used, and for radioisotopic studies a well-
type single channel analyzer with a Nal(Tl) detector, obtained from Ecil 
(India) was used. A Pye Unicam model SP 2900 atomic absorption 
spectrophotometer was used for the determination of elements in trace 
amounts. 
Preparation of Ion-Exchange Materials 
A large number of samples was prepared by varying the concentration and 
mixing volumes of the various components. However, the sample prepared in 
the following manner showed high ion-exchange capacity, chemical stability, 
and reproducibility in properties. An aqueous (0.1 M) sodium silicate 
solution, made acidic (pH 0-1) by adding HCl, was mixed with an aqueous 
(0.1 M) zirconyl chloride solution and the pH of the mixture was raised to 8-
10 by the slow addition of ammonium hydroxide with intermittent shaking to 
obtain a slurry. After filtering and washing with demineralized water 
(DMW), it was treated with a 1:1 (v/v) mixture of 0.5 M solutions of arsenic 
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VARSHNEY et al.: ADSORPTION OF ALKALI METALS 
1. Silica based Sn/IV/ hexacyanoferrate/II/ /SnHF/ 
/I.10 meq/dry g/. 
2. Zirconium/IV/ arsenophosphate^ /ZAP/ /0.94 meq/dry g/. 
o 
3. Zirconium/IV/ arsenosilicate /ZAS/ /I.30 meq/dry g/. 
4. Antimony/V/ silicate^ /SbS/ /I.60 meq/dry g/. 
Distribution studies 
The distribution coefficients /K,/ were determined 
d 
for Na/I/, K/I/, Rb/I/ and Cs/I/ ions by the batch process 
as follows : 
100 mg of the exchanger in H form was taken in a 
conical flask followed by 20 ml of the solvent, 1 ml of 
the metal ion solution and 1 ml of the carrier solution. 
The contents were shaken for 3 h with an electric 
shaker or allowed 'to stand overnight for attaining equi-
librium. Then 10 ml of the supernatant liquid was with-
drawn for activity measurement. The standard radioactivi-
ty of the tracer solution being known, the K, values were 
calculated by the formula: 
K - /1-F/ V . -1 
where F is the fraction of the activity of tracer in 
solution at equilibrium, V is the volume of the solution 
/ml/ and M is the mass of the exchanger /g/. 
The K^ values were determined in HCIO. solutions of 
varying pH /I to 5/ and demineralized water /DMW/. Fig. 1, 
shows t] 
the pH. 
he variation of K^ values of alkali metals with 
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en 
D Na* 
• K* 
0 Rb' 
-
, 1 
a Cs* 
» Cs* 
(on irradiated 
sample) 
n • 
ZAS 
1 1 I 1 
6 
pH 
Fig. 1. Effect of pH on the K, values of alkali metals 
on various ion-exchangers 
DISCUSSION 
These studies reveal certain interesting features of 
inorganic ion-exchangers. ShHF and ZAP show a linear 
increase in Ig K, values of all the four alkali metals 
studied against pH /Fig. 1./, the maximum adsorption beinc 
for Rb/I/. The slopes of these straight lines are found 
to be in the following order: 
144 
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Na/I/ /0.24/ < K/I/ /0.28/ < Cs/I/ /o.32/ < Rb/I/ /0.35/ 
on SnHF and 
Na/I/ /0.17/ < K/I/ 10.221 < Cs/l/ /o.27/ < Rb/I/ /0.28/ 
on ZAP. 
However, a little deviation from this behaviour is ob-
served on ZAS and SbS ion-exchangers. Although Na/I/ and 
K/I/ show a linear increase in the ig K, values against 
pH, it is not true for Rb/I/ or Cs/i/ ions. On ZAS, Rb/I/ 
shows a negative deviation above pH = 3 while a positive 
deviation is observed for Cs/I/ above pH = 5. SbS is high-
ly selective for Rb/I/ above pH = l /K, = 00/, Thus, this 
material should be suitable for the separation of Bhflf 
from other alkali metals. 
The radioanalytical studies were performed in the 
Modular Laboratories of B.A.R.C, Bt^ nibay /India/ for 
which Dr. M. Sankar Das, Head of Analytical Chemistry 
Division and Dr. R.K. Iyer are thanl^ed. Financial as-
sistance provided by the C.S.I.R., india is gratefully 
acknowledged. 
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